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PREFACE

This●ditionof theReport,whichreplacesthatof July 22, 1988,
has beencorrected for typographical●rors. In ●ddition,for purposes
of clarification,a paragraphhas been●dded to ●ach of pages 2, 3, 7,
23, 24.62, 63 ●nd 83; ● sentenceor phrase on pages 5, 15, 17, 27, 28,
33, 38,40, 41, 44, 47, 65, 76, 77, 78, 79 and92. Thesechangesare in
bracketsto identifythem.

Noneof thesechangesmodifiesthe intentor meaningof the original
Repcrt.

In the CongressionalRecordof’31Ott 88,p. E-3712,● resolution
includesthe stateuentthat subsequentto the ReassessmentReport’s
issuance(22July88),I havesignificantlychangedmy conclusionsand
positiocs.

I havenot done so, ●s this●ditionof theRtportwillshow. I hope
thattheminorchangesand correctionsI have●adewillcla~ifythe text
●t certainpointsso thatit willnot be misinterpreted.

The mainmessage of the Reportcan be had quicklyby readingthe
Abstract[page3] followedby PaUe$43-44;and supplementedby Note 16.
The Notehas been addedto this reissueto covermaterialrelatingto
the CongressionalHearingsof 16 Nov 89 beforethe HouseSubcommittee
on InsularG InternationalAffairs(Committeeon Interior& Insular
Affairsj~chairedby Mr. DeLugo;and thatbefore”the HouseSubcommittee
on Interior& RelatedAgencies(AppropriationsCommittee),chairedby
Mr. Yates (4May 90).



ABSTRACT

The taskhas beento determinewhetheror notDOE’s1982Report
provedthatRongelapIslandis safeforhabitation.The islandwas
contaminatedin 1954duringthetestingof nuclearweapons.

,
It shouldbe bornein mindthatthedosageunderdiscussionis

currentdosage,e.g.,from1990to 2020, ●nd not thatfrom exposurein
1954. The current[population]*-dosageovera 30-yearperiodis ● matter
of 3 rem [orless],whereas[thatof 1954]was oneof 190 rem in 2 days.

The evidenceusedby DOEplusadditional●nd morerecentinformation
havebeenreviewed. fl

RongelapIslandis safefor habitationby ●dultsprovidedthatthe
dietis equivalentto thatformerlyused. I do notbelievethatsucha
dietwouldpresentanydifficulty.[Itcompriseslocalplusimported
foods.]

.
Measurementof plutoniumexcretionin theurineof Rongelap

residents(1981)[bytheBrookhavenNationalLaboratory]showsveryUreat
variation,[andit is quiteinconsistentwithstudiesby the Lawrence
LivermoreNationalLaboratory].Thematteris a potentialcauseof
concernand shouldbe studied[now]althoughit is not ●ssociatedwith
overexposure.

The dose to infantsandsmallchildrenis ●netherpotentialcauseof
concern. Preliminaryfindingsfroma dietsurveyindicate,however,that
the dosage1s not excessive.Thisstudyshouldbe continued.

The whole-bodycountingforcesiumshouldbe resumedto ●stablisha
baselinefor laterworkat the timeof resettlement.

In the courseof planningfor [Atoll]resettlement,the factthat
RongelapIslandappearssafeforresettlementnow shouldnot be lost
sightof.

Planningforresettlement[oftheAtoll]shouldconsiderthe
possibleuse of potassium-salttreatmentof thesoil●nd soilremovalas
studiedat Bikini.

To obtain● briefsummaryof the key facts of dosage ●nd themore
general,but importanthumanfactorsthatwill●ffectdecision-making,
the readeris referredto Section4.5 (Dose Summary)●nd to Section5
(Discussionand Recommendations.)

[Thestandardsof safetyin thisReport-- ●s is to be ●xpected --
●re thoseemployedcurrentlyin theU.S.,wheretheradiationprotection
guidefor the generalpopulationis 5 rem in 30 years(.17ren/yr),whole
body●xposure(technically,thecommittedeffective dose ●quivalent).
The protectiveactionguideis 0.2 rem/yrto thebonesarrow(committed
dose ●quivalent).Thesemattersarediscussedinllote5.]

●Bracketedmaterialhasbeen●ddedto thiseditionfor clarificationor
correction.

J
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1. INTRODUCTION

I

. .. .
,.->

RongelapAtollwas contaminatedwithradioactivefalloutin 1954as
a resultof theBravothermonucleartest-shotat Bikini,130miles●waY. -
In 1978,to informthe people of theNorthernMarshallIslandsof the
extentof residualcontamination24 yearslater,●nd of its POtential
effectsupontheirhealth,DoE (Dpartmentof Energy)surveyedtheregion

tand subsequentlyissueda specialy preparedbook reportin !iarshallese”.

The bookwas entitled,The Meaninaof RadiationforThoseAtollsin
theNorthernPartof the?larshallIslandsthatwereSurveyedin 1978<
andwas publishedin 1982.(Ueshallreferto it ●s DOE-1982.)The first
partdealtin generalwithradiationand fallout,●nd how theymight
affectplants,animalsandman. The situationat Rongelapwas dealtwith
specificallyon pages38 - 39. (Note1)

DOE’sassessmentof RongelapIsland was not●cceptedby the
Rongelappeople,so muchso thatin 1985theresidents●bandonedtheir
honesandmoved to l$ajietoin KwajaleinAtoll.

The U. S. Congress,therefore,providedfor ●n independent
assessmentof DOE’sconclusionsfor RongelapIsland,in theCompactof
FreeAssociationActof 1985(U.S.PublicLaw 99-239,section103(i);see
Note2). The functionsof the presentreportare thereforeas follows:

“[Th~refereeshall]reviewthedatacollectedby theDepartment
of Energyrelatingto the radiationlevelsandotherconditionson
RongelapIslandresultingfromthe thermonucleartest...The
purpose... shallbe to establishwhetherthedatacitedin supportof
the conclusionsas to habitabilityof RongelapIsland●s set forth
in the [book] ...are●dequateandwhethersuchconclusionsare
supportedby thedata....If...thedata●re inadequateto
support...habitabilty...thegovern~entof theMarshallislandsshall
contract...[for]..oacompletesurvey...[andforrecommendations
of]...thestepsneededto restorehabitability...”

It shouldbe notedthatthe law is quitespecificin referringto
RongelapIsland,not Atollhand ●ccordinglythisReportconcentrateson
thatIsland,thechiefresidenceof theRongelap people. However,data
andcommentsonotherislandsof the Atoll●re included.

[Thestandardsof safetyin thisReport-- ●s Is tobe expected--
●re thoseemployedcurrentlyin theU. S., there theradiationprotection
guidefor thegeneralpopulationis 5 remin 30 years(.17remlyr)t whole
body●xposure(technically,the cosmitted●ffectivedose●quivalent).
Theprotective●ctionguideis 0.2 ren/yrto thebonesarrow(committed
doseequivalent).Thesematters●re discussedin Note5.1
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1.2 Procedure

The sectionsof DOE-1982thatdealwithRongelap●nd ●re now under
reviewwerediscussedwithDOE-1982’Sseniorauthor,Dr. WilliamBair
(PacificNorthwestLaboratories,ltichland,WA 99352),●nd Dr. Bairhas
read,●specially,the parts of theReportreferringto thea. It should
be notedthatDOE-1982is ● statementby DoE●nd is ●lwaysreferredto ●s
suchin thisReport.

Dr. WilliamRobison(LawrenceLivermoreNationalLaboratory,
LivermoreCA 94550),who suppliedthefielddata●nd the dose
calculationsfor DOE-1982,hasprovided~dditionaldata for the present
report,andhas discussedhis findingswithme.

RelevantRongelapstudiesthatweresupportedby DOE ●t Brookhaven
NationalLaboratory(Upton,NewYork11973),werediscussedwithDr.
WilliamH. Adams, (HedicalDepartment),Dr.RobertConard[Medical
Department]and Mr. E. Lessard(Safety& EnvironmentalProtection
Division).

It vas consideredimportantand efficientto bringtogetherall of
thedatathatare now availableratherthanto restrictthisreportto
the limiteddataon whichDOE-1982was based. Uiththeconcurrenceof ~
theMarshalleseGovernment,therefore,additionalinformationfrom
DOE-supportedlaboratories,thatbecameavailableafterDOE-1982had been
written,was madeavailableto us by Adams,LessardandRobison. Also,
we havetakena n~ber of samplesin the fieldandhavehad themanalyzed
independently,in accordancewiththewishesof theRongelappeople.

Othersourcesof informationin the internationalliteraturehave
beenusedand are citedin thetext.

We havealsodiscussedfromtimeto timevariousmattersrelatingto
theReport,or theprogressmade.indevelopingit,withRongelap Senator
JetonAnjain,P.O.Box 1006,Majuro,Republicof theKarshallIslands,
96960.

The taskhas beengreatlyfacilitatedby Hr. PeterOliver,SPeclal
Assistantfor CompactAffairs,Republicof theHarshallIslands,P.O.Box
15,Hajuro,96960.

The ReassessmentReport(thepresentdocument)was writtenby Henry
1. I(ohnin his capacityas RefereeundercontractwithRepHar. The
opinionsand statementsmade are thereforehis responsibility.The task,
however, was greatlyfacilitatedby discussionswit%membersof an
internationalpanelof consultants,selectedto represent● varietyof
overlappingspecialtiesthatwouldcovertheproblemsunderexamination.
Owingto timeconstraints,noneof theconsultantshas readthe final
versionof thisReport. AllhavereadthePreliminaryReport (April20, .
1988),and I havediscussedvariouspartsof thepresentdocumentwith
variousconsultantsby correspondenceandespeciallyby telephone.

e
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The followingscientistsparticipatedin theProject.

.

:.1

-.

.

Referee

HENRYI. KOHN,Ph.D.,M.D. (radiationbiolouy)GaiserProfessor
Emeritusof RadiationBiology,Earvard IfedicalSchool; Chairman,
BikiniAtollRehabilitationCommittee;1203ShattuckAve.,Berkeley
CA 94709(415-526-0141)

Secretary:IreneK. Heller,Berkeley,CA
ti

Consultants

S. J. ADELSTEIN,H.D., Ph.D. (nuclearmedicine)Professorof
Radiology,HarvardHedicalSchool; Directorof JointProgramin
NuclearMedicineat BethIsraelHospital,BrighamandUoaen’s
Hospital,Children’sNospital●nd Institute,●nd DanaFarberCancer
Center; Vice-President,NationalCommissionon Radiological
ProtectionandMeasurements;25 ShattuckSt., Boston,MA 02115
(617-732-1535)

H. J. DUNSTER.B.SC.,C.B. (healthphysics)FormerlyDirector,
NationalRadiologicalProtectionBoard (UnitedKingdom),Ifember,
InternationalCommissionon RadiologicalProtection;Residence:52
ThamesSt.,St.Ebbes, Oxford,OX1 lSU,UnitedKingdom
(011-44-865-251-716)

A. S. KUBO;Ph.D.,lfBA,P.E. (civiland nuclearengineering)
VicePresident,TechnicalApplications,The BDHCorp. 7915Jones
BranchDrive,HcLeanVA 22102(703-848-7294)

H. G. PARETZKE,Ii.sc., Ph.D.(radiationrisk●nalysis)Head, Radiation
RiskAnalysisSection,GSF InstitutfUrStrahlenschutz(Institute
for RadiationProtection),IngolstAdterLandstrasse1, D-8042,
Neuherberg2225FederalRepublicof GermanyGE-055
(011-49-893-187-2225)

F. L. PETERSON,Ph.D. (hydrology●nd geology)Professorof
Hydrology●nd Chairman,Dept.of Geology●nd Geophysics,University
of Hawaii,Honolulu,HI 96822 (808-948-7897)

V. J. SCHULL,Ph.D.(epidemi~ogy:cancer,genetics,birth defects)
Directorof Centerfor Demographic●nd PopulationGenetics●nd
Professorof HumanGenetics,Univ.of TexasHealthScienceCenter.at
Houston; ?ormerlyDirectorof theRadiationResearchFoundationat
Hiroshima-Nagasaki,Japan. Address:PopulationGenetics,P.O.
Box 20334,HoustonTX 77225(713-792-4680)

..

—
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E. L. STONE,Ph.D. (soilscience)PackProfessor Emeritusof
ForestSoils,CornellUniversity;AdjunctProfessor, Dept.of Soil
Science,2169HcCartyHall, Univ.of Florida,Gainesville,FL
32611(904-392-1956)

Consultantsnominatedby theRonuela~Deople

ROSALIEBERTELL,Ph.D.,G.N.S.E.(biometrician)Editorin Chief,
InternationalPerspectivesin PublicHealth; Commissioner,
InternationalCommissionof HealthP~fessionals,Geneva;
President, InternationalInstituteof Concernfor Public?fealth,
830BathurstSt.,Toronto,Ontariol15R-3GlCanada
(416-533-7351)

UTEBOIKAT,~.sc., Ph.D. (radioecology),Executiveof the Department
of PublicHealth,FreieundHansestadtHamburg,Tesdorpfstr.8,
D-2000Hamburg13,FederalRepublicof Germany.
((011-49)40-44195334).Dr. Boikathas beena memberof the
consultingfirm of Kollert,DondererandBoikatof Bremenwhich
assistedin someof theanalyticalwork.

BERNDFRANKE,H.SC. (radioecology),ExecutiveDirector(Washington
Office), InstituteforEnergyand EnvironmentalResearch,
6935LaurelAve., .TakomaPark,MD 20912 (301-270-5500)’

* The “Institute”is ~privateconsultingoffice.
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2. BACKGROUND-- THE RONGELAPEXPERIENCE

Ik:

f-
1.-

i.

t.

RongelapAtollis locatedabout2,500milessouthwestof Hawaii,at
120N,1670E(Fig.2 #l). It comprisesmorethan50 low-lyingislandsand
islets,totalarea3.07sq.miles,whichbound● lagoonof 400 sq. miles.
The largestand by far themostimportantisland,Rongelap,has an area
of 0.3 sq.miles.

The geologicalstructureis thatof ● coralreefatollrestingon a
submergedvolcanicmass. The islandsaremadeof reefdebris,primarily
of sandandgravelsize,●nd reeforganisms.

The atollis typicalin ●ppearance,●nd the islands●re coveredwith
vegetation.However,● majorfactorlimitingthe kindsof plantsthat
canbe grown●s staplesis the longdry season.

The HarshallIslandsStatisticalAbstractof 1986,issuedby the
Republic,liststhepopulationof the atollas totalling235.
previously,it was 165in 1973,189 in 1967,264 in 1958. In 1954at the
timeof theBravoincident,84 personswereevacuated.(These
fluctuationsreflecttheneedto workelsewhere.)Earlierrecordsfor
Japaneseand Germanperiodsof controlare: 99 in 1945,98 in 1935,110
in 1920,100 in 1906,120 in 1860.

However,Mr.PeterOliver,theRepublic’sSpecialAssistantfor
CompactAffairs,has informedme thattheRongelapDistributionAuthority
nowmakesper capitapaymentsfromitsNuclearClaimsFund to 1,578
individuals.Currently,theseamountto $1480per yearto thoseexposed
to falloutin 1954,and $480to others. TheCouncilhas alsodetermined
that2,277individualsqualifyfor thebenefitsof the Section177 Health
CareProgramas a resultof theirtiesto Rongelap.

2.1 Bravotest-- 1954

The initialeventoccurredon ?$arch1, 1954,when● 17-megaton-yield
thermonucleardevicewas set off at BikiniAtoll,theBravotest. The
devicewas 1000times●s powerful●s thebombsthatdestroyedNagasaki
andHiroshima;itscloudrose25 milesabovethe earth,and after10
minuteshad a diameterof 70 miles.

It had beenplannedthatthe ‘cloud”wouldbe blown to thewestand
north(Fig.2.1 #l).Unexpectedlyfor whateverreason(Note3), it was
blownto the eastso that●t~about5 hours●fterdetonationfalloutbegan
at RongelapAtoll,●nd duringtheensuing7 hoursfellin suchquantities
●s to suggestto Rongelapese,who had never seensnow,thatit was
snowing(Sharp& Chapman,1957). Ratherthan●voidingcontact,children
playedin the powdery,finelygranularfallout,and no particulareffort
wasmadeto separateit from foodor clothing.No warningwas or had
been issued by themilitary.

,

1,
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About50 hoursafterthe “shot”,theNavy removed the 64 Rongelap
residentsfromtheAtollto themedicalbaseat Kwajalein(Sharp&
Chapman,1957;Cronkiteet al, 1956) Also,eighteenvisiting
RongelapesewereremovedfromSifoIsland,AilinginaeAtoll,and 157
UtirikpeoplefromUtirikAtoll. It was immediatelyrecognizedthatthe
surveillance●nd careof thesepeoplerequiredfar more professional
staffthanthe basecouldsupply,●nd a specialmedical team hurriedly
organizedfor thispurposein theUnitedStates,utilizingnaval●nd AEC
personnel,reachedthebase8 daysafterthedetonation.

Consistentwith● whole-bodydoseof 190 rem (overtuo days),
two-thirdsofthe Rongelapgroup●x eriencednausea,10$withvomiting

?●nd diarrhea,whichclearedwithin hreedaysor so, and all showed
depressedwhite-blood-cellcounts(Cronkiteet al, 1956). AS ● resultof
the skindosefromphysicalcontactwithfallout,●bout708 developed
skinlesionsof widelyvaryingseverity●fter● latencyperiodof two to
threeweeks. Mostof these were to healsuccessfullybut ● few developed
significantscarring.Therewereno deathswithin60 daysof exposure.

The most ‘significant”partof the initialexposureproducedno
immediatesignsor symptoms.A half-dozenthyroid-seekingradionuclides
enteredthebodythroughfallout-contaminationof foodand water. Over
the courseof the followingweekstheseiodine●nd tellurium
radionuclidesdelivered doses thateventuallycausedthyroidhypofunction
and the appearanceof thyroidtumors.

The Bravotestposednewdosimetryproblems,onlyvaguelysensed
before. Owingto thegiganticenergy-yield●t @roundlevel,great
quantitiesof coralloidradioactivematerialweregenerated(Hiroshima
andNagasakihad involvedhigh●ir-bursts):142radionuclideswere
involvedwhoseradiations●nd ratesof decay variedgreatly,●nd whose
eventualeffects dependedon theweatherconditions●nd the livinghabits
of the exposedpopulation.

At the timeof evacuation,the●xposureratein Rongelapvillagewas
1.2 - 2.3 R/hour. The whole-bodydoseof “175R in ●ir” reportedin 1956
was approximatelycorrect.The dose estimateforthe thyroid gland,
however,was muchtoolow becauseonlyiodine-131had been considered in
the calculation.As ● result,the●ppearanceof thyroiddiseaselateron
was quiteunexpected.

An upwards revision of thyroiddosewas reported in 1964 when
iodine-133●nd iodine-135wer~included.(James,1964). The revisionsof
1984 (Lessardet ●l, 1985;Lessard,1984a), based on ● comprehensively
planned●ttackon theproblem(Bond et ●l, 1978), put the ●ean ●dult
whole-body dose ●t 190 rem. The revisedtotaldose.tothe thyroid gland,
includingcontributionsfrom ●ll seveniaportantradionuclides was
greatlyincreasedandvariedsignificantlywith●ge ●t ●xposurein 1954 “
-- from5,200rem for ● one-year old to 1,600 rem at ●ge 14, ●nd 1,200
rem for the●dult●ale.It was ●stimatedthat958of the thyroiddosewas
receivedduringthe firstthreepost-exposureweeks, ●nd 100$within
three months(Note4).
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2.2 Returnto RonuelaD- 19S7

The AEC (Atomic EnergyCommission)l/deCiSiOB that Rongelap had
becomesafewas based on field data by theRadiationEcology Laboratory,
Universityof WashingtonCollegeof ?isheries,anddose calculations by
AECstaff. For 1957the●nnual●xternalgama”dose”●t RongelapIsland
was estimatedto be less than 0.5 roentgen, the mxlmm permissible for
thegeneralpopulation,andit was●xpectedto declineowingto physical
decay. However,the AEC assessmentwas inadequatewithrespectto
internaldosageresultingfromcont~inatedfood(Note5 andMote11,
table2).

In 1957,therefore,theRongelapp$ople returned to RongelapIsland.
In March1958therewere 81 persons there who had been ●xposed on
Rongelapor Ailingnae,●nd ●pproximately100otherswho had not.

To anticipate●ny lateeffects thatmightfollowthe●cuteexposures
of 1954,theAEC commissionedBrookhavenNationalLaboratory’sMedical
Divisionto ●stablishtheMarshallIslandsMedicalProgram, whosestaff
has visitedtheRongelappeople onceor twice ● year since19S7 (Note4).
SinceRongelapsoilstillcontainedlowlevelsof radionuclideswhich
mightenterthebodythroughthe foodchain,theprogramincluded
●quipmentto =easureradionuclideswithinthehumanbody (whole-body
counting).Since1978thecountingprogramhas beenoperatedby
Brookhaven’sSafety& EnvironmentalProtectionDivision.

2.3ROMelaD: 1957-1987

The medicalfindingsweresummarizedor updatedby R. A. Conard,who
led the whole programfor manyyears(Conardet al.1958:1975;1980)and
morerecentlyby Adamset al (1984). The status of the dosimetry,
originallyincludedin theConardreports,has been morerecently
reportedon by Lessard et ●l (1984; 1985). In brief,on thebasisof
thesereports,the followingsequenceof health-related●ventsoccurred
overthe past30 years.

J957-63. Amongtheusualproblemsin theHarshallIslandswere
parasitism,chronicskindisease, diabetes●dult-onsettypeII, ●nd bad
teethin ●dults,and ● variety of infant and childhooddiseases including
iafmt diarrhea..The vast●ajority of skin reactionsto radiationhad
disappearedwithoutsequelae,exceptforscarringin theaost heavily
irradiated cases. No skin cancers were observed. Two possible examples
of radiationeffects occurred.First,it was reportedthatabouttwice
●s many●bnormallyterminatedpregnanciesoccurredaxongthe exposed
parents●s wouldbe expectednormally.Secon4,twoboysshowed●arkedly
stuntedgrowth,suggestingthyroiddeficiency.

li The AEC was thepredecessorof DOE.

14
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1964-75. Unquestionabledamageto thethyroidgland,especiallyto
thoseexposedbelowtheage of 10,madeits●ppearance.A reexamination
of earlierestimatesof doseto thethyroidglandledto theirelevation
by a factorof about2 for adults,and 5 or morefor children.The
administration.of thyroidhormone(interruptedon occasion)to the entire
exposedpopulationwas begunin 1965as ● prophylacticmeasure●gainst
thyroidneoplasia(nodules,cancer),●nd ●lso to correctfor possible
lossesin thyroidfunction.

By the end of 1974 (Fig2.3# 1), thethyroidtumorrecordwas as
follows:

Me below10 in 1954: 17 tu~rs in 19 personsexamined,
including1 cancer.

Age 10-18Yearsin 1954: 2 tumorsin 12 personsexamined.

Age above18 Yearsin 1954: 3 tumorsin 33 Persons
examined,including2 cancers.

Almostall personswiththyroidnodulesweresentfor surgical
treatmentto the Cleveland?letropolitanHospital,Cleveland,Ohio. Each
onewas compensatedat therate”ofS25,000per surgery.

The occurrenceof thyroiddiseaseas wellas a caseof ●cute
leukemiaworriedtheRongelappeople. Themedicalteamwas ●ccusedof
havingdeceivedthe Rongelappeopleand of usingthem●s guineapigs.
The Brookhavenmedicalserviceswereboycottedduring1972,but theywere
acceptedlaterin theyearaftera [relatively]favorablereporton the
matterby ●n internationalcomuittee.

1976-79. Morethyroidnodulesappeared.The Rongelappeople
continuedto be worried.Theyaskedfot ●n independenthealthreview
whichvas not granted.A groupof Brookhavenscientistsproposeda
comprehensivedosimetryreview(Bondet ●l, 1978),whichDOE thenfunded
(Lessard,1984a;Lessardet al, 1984c; Lessardet ●l, 1985).
Independently,DOE initiateda “Northern)!arshall’sSurvey” basedon an
aerialsurveyby EG&Gand some terrestrialwork by LawrenceLivermore
NationalLaboratory (Robisonet ●l, 1980; Robisonet ●l, 1982b: Tipton
& lSeibaum,1981).

1980-84.DOEsummarizeditssurveyresultsin 1982with● reportin
Marshallese,embellishedwithcoloredillustrations.(Thisis the book,
DOE-1982,underreviewin the presentreport.SeeNote1.) DOE-1982
statedthattheU. S. radiationguidewas 5 rem in 30 years,●nd thatthe
currentwhole-bodydosage●t RongelapIslandwas 2.5rem in 30 gears. On
someotherRongelap-Atollislandsnot used for permanentresidencethe
dose mightbe 2 to 5 times as much. TheRongelappeopIerequestedthe
Governmentto transferthemto another●toll. Significantpartsof the
●nti-nucleardocumentaryfilm,Half-Life,werefilmed●t Rongelap.The
filmsuggestedthatthepeoplehad beenused ●s “guineapigs”.

5000b22



Figure 2.3 #1. Latencyperiodforappearanceof thyroidnodules
relatedto thyroiddosereceivedin 1954●t
Rongelap&Ailingnae,andUtirik. Detailson
thyroiddosage ●re @ven in TableN.4 #2.

(Tigurecourtesyof U. E. Adams, BrookhavenNationalLaboratory)
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~. The RongelappeoPleabandonedRongelapand sailedfortfajieto
Islandin KwajaleinAtoll.The U. S. CongresspassedtheCompactof Free
AssociationAct of 1985(PublicLaw 99-239)of whichSection103(i)is
thebasisfor thepresentinquiry (Note2).

~ The followingpointsareof majorinterestfor the present
report.

(a) A cleardistinctionshouldbe madebetweenthe lateeffectsof
the largeacuteexposurein 1954 (190remwhole-body)and the possible
(butas yet undetermined)effectsof themuchsmallerchronicdosesince
resettlementin 1957-1978(A3.5 rem~r less). [(No~e11,PP. 74 & 75)1

(b) The originaldose estimatesfor the1954exposureweremuchtoo
low for the thyroidgland(Cronkite,1954:Dunning,1957). The necessity
for majorcorrectionlateron weakenedor destroyedRongelapconfidence
in DOE. The annualradiationdosesduringthe firstyearsof
resettlementmay alsohavebeenunderestimated,but the correctionswould
be verymuchsmaller. [(Note11,PP. 74 & 75)]

(c) Theoccurrenceof thyroidtumors( x30%) 10 yearsor later
afterreturningto Rongelap(Fig.2.3 41;Note4B)has beena confusing
experiencefor theRongelappeople. In addition,eightcasesof
hypothyroidismhavebeenobserved(Adams1988).

(d) No significantincreasein tumorsoutsideof thethyroidgland
was noted (Adamset al, 1984)in the81 personsat risk. [Anup-to-date
summaryis expectedfromBrookhavenearlyin 1989and willdeal
specificallywith (a)tumordatain the 1954-exposedand 1954-unexposed
groups,and (b)tumcrdataas affectedby thedurationof residenceon
RongelapIslandafterresettlementin 1957.]

(e) No obviousgrossdifferencein survivorshipbetween
1954-exposedand 1954-unexposedgroups has occurred(Fig. 2.3 #2).
Althoughstatisticallysignificantdecreases in someblood-celltypes
havebeennoted(Adamset al, 1982),nonehas beenclinically
significant.

(f) Basedon fourparameters(longevity,thyroidnodules,
carcinoma,bloodcounts),thereis no evidenceof effectsfrom the
chroniclow-level●xposure●ssociatedwithlengthof residenceon
Rongelapsince1957 (Note4). Thesestudies●re ●dmittedlyexploratory.
However, theaveragedoseovertieperiod1957-78is quitesmall(3.5rem
or less),andwillbe ●ccumulatedat muchlowerratesin the future.
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# 1RONGELAP AND AILINGNAE EXPOSED TOBRAVOIN 1954
UTIRI K EXPOSED TOBRAVOIN 1954
RONGELAP UNEXPOSEDTO BRAVOIN 1954

1955 1960 1965 1970 1975 1980 1985 !990

YEAR

FIGURE2.3 #2. Survivalas ● functionof time ●fter 1954.

The numbersexposed ●nd whole-bodydoseswere: Rongelap,67
persons, 190 rem; Ailingnie,19 persons,110 rem; Utirik,167
persons,11 res. The unexposedgroupof 86 Rongelapesewas matched
(age,sex)in 1957to theRongelap-Ailingnaegroup●nd has been
followedfor survivalannually.

‘(Figurecourtesyof ii.H. Adams, BrookhavenNationalLaboratory.)
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3. REASSESSMENT

I

Withthe foregoingas background,letus now attemptto ●nswerthe
questionswhichtheCongresshas asked: Werethedosesusedby DOE-1982
correct(Robison1982b)? Doesit followthatRongelapis habitable?If
not,whatshouldbe-done[Note5]?

It shouldbe notedthatthe technicalpositionhas changed since
1982. Xore datahavebeenaccumulatedso thattheoriginalmeager
sanplinghas becomemore robust. In ●ddition,we shallconsider the
findingsof theBrookhavenNationalLaboratory,usingan importantmethod
whichDOE-1982did not consider,●nd ●lsoourown findings.*

The databaseemployedby DOE-198~comprisedtheresultsof the
NorthernMarshallIslandsSurveyof 1978 (September-November)whichhad
beenplanned●s ●n ●erialreconnaissanceto map externalgamma-ray
exposurerates(normalizedto 1 meter●bovegroundlevel)(Tipton&
Meibaum,1981).Two helicopterswereemployed,operatingfroma major
supportvessel,theU.S.N.S.Wheeling.

SubsequentlytheLivermoreLaboratoryprogramwas addedto obtain
soil,water,vegetationandfishsamplesat eachatoll“as timeand
facilitiesmightpermit”(Robisonet al, 1981,Part1). The timespent
at RongelapAtollpermitted7 days for 9 islands,of whichthemajorone
was Rongelap.Operatingfroma largeshipthathad to cruise at a
considerabledistanceoffshore,andwhoseprimaryfunctionwas ●erial
reconnaissance,restrictedthe terrestrialworksignificantly.

The radionuclidesdealtwithwerefive: cesium-137,whichis
distributedthroughoutthebody; strontium-90,a boneseeker;and the
verypoorlyabsorbedplutonium-239.-240●nd ●mericiun-241,whichhave
verylonghalf-livesand whichare tightlyboundby bone,liver●nd
testes(Table3 #l).

The Livermoregrouptooksoilsamplesfrom some 25 scattered
locationson RongelapIslandwhose●verages(picocuries/gram)for 0-10cm
depthwere:cesium-137,12;strontium-90,7.1;plutonium-239,-240,2.6;
americium-241,0.9 (Table3 ;2).These1978levelswereabouttwice
thoseforEneu,BikiniAtoll.

Thissoilcontaminationprovidedthebasis for human●xposurein two
ways. Radiationsthat●manatedfromthegroundor standingvegetation
led to externaldose. Radiationsthatenanatedfrom food andwater ●fter
enteringthehumanbodywererespo~iblefor internaldose.

* B. Frankestatesthatthe enablinglegislationcallsfor studyof
onlythe originalfindingsand report. A
considersubsequentfindings,●nd ● third
recommendations.
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The totaldosereceivedwas the sum of the●xternaland internal
doses. The externalwhole-bodydosewaa estimatedby measuringthe
exposurein air (e.g.,●t 1 meter●boveground)and●pplying● factor
basedultimatelyon measurementswithphantomsto themeter reading. Tbe
internaldosewas estimatedby theLivermoregroup on thebasisof ●n
assumeddiet●nd theanalysisof the radionuclidecontentsof Rongelap
food productsin it.

The lagoon●nd itsfishwerefoundto be ● trivialsource of dose.
Ground water (well water)was ●n unimportantsource, since its ●ctivity
was verylow●nd, in ●ny case,thepeople reliedheavilyon catchment”of
rainratherthanwells (Noshkin et ●l *981).

Before considering the data,the nonprofessional readermay wishto
consultNote6 which explains the radiological usageof suchtermsas
exposure●nd dose, and the definitionof theirunits. It may alsobe
notedherethatmy useof the term whole-body dose (internal) usually
signifies thecommittedeffective.doseequivalent;the tissuedose
(internal)is usuallythecommitteddoseequivalent.DOE-1982used
integraldosescalculatedby theLivermoregroup,i.e.,the annualdose
(notcommitteddose)foreachyearwas summedfor theperiodof exposure.
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TAB123.#l

SwRtma’FAufwTRAm’rm

.

. .

.4

Radhudide

Cesivr137*

Stmtium-
90

Plutmim*~
-239

-240

Half-
~e9/

Years

30

29

24,065

6,537

432

●l
b/

c1

dl

9/

ICRYPublicMim38.
Qulityfactor, 20.
Quality factar, 1.

Xardgauna ware

IW Publicatim 30.

PrinciDal
Radiaticm@l

0.187 .66

1.13 -

5.23 - -

5.24 - -

5.57 - -

Ractim
absabd
h gut
in
Uhlt@f

1.0

.3

.ml

.031

.001

,

kmul &?e (rem) ‘
Er pcug in tisauef /

Soft
:i.ssale~

.010
bcle)

1.93

.009

.m

0.63
(liver)‘

1

1.93 0.63
(liver

0.68
(ii%

(IUicmuclidetmsfomatimd

mittd ube W.almtrihticmto &se -d k lessthan10$.

Smla@nt toPart1.(1980),mx31~ Publi~tims48ad 51for

* ‘hehalf-lifeintheMy is
inpr~antwanenandchildren.

**me h~f-lifeinhne marrow

about 110

andliver

daysinmales,85daysinfWe, andmuchless

tcgetheraveragesabut35years.
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TABLE3 #2

RONGELAPISLAND: RADIONUCLIDESOIL PROFILESa/ (1978)

Depth
(cm)

I
I 0-5

I 5-1o

10-15

15-25

25-40

0-40

Averagespecific●ctivit;

Cesium-137I Stror#lum
-90

15 6.9

9 7.7

5.4 6.7

2.6 4.5

1.8 2.1

5.0 4.6

27 20

------
fordry soil (pCi/g)

Plutonium
-239,-240

3.2

2.0

1.1

.35

.07

.89

18

Americium
-241 I

I
1

1.0

.78

.41

.18

.08

.35

_!L_J
●l The 1978profilesare from Robisonet al, 1982,Part4, AppendixB.
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4. DOSE

,
I

L
r“

DoE-1982 reported dosesforpersonslivingon RongelapIslandfor
theperiod1978-2008( for the correspondingperiod.1990-2020,theywould .
be 25$ less):

(a) The “highest●verageamountof radiationthepeoplemight
receivein any partof thebody” was 2.5rem (over30 years). I take
thisto be Liverrnore’s“integraldose”in whicheachyear’sdeliveryis
summedfor 30 years(Robison●t al, 1982b,Table17). I willcompareit
to the committedwhole-bodydose (retifor 30 years(i.e.,the committed
effectivedoseequivalentfor a standardman).

(b) The correspondingbone marrow ●veragewouldbe 3.3 re~ (Robison
et al, 1982b,Table14). I takethisto be themarrow “tissuedose”and
it is approximatelyequalto the committeddose●quivalent,

DOE-1982statedthatthe doses are basedon the conditionof “local
foodonlyfromRongelapIsland”(Notel).* However,the doses in fact
hadbeencalculatedby theLivermoreteam (Robison,1982b)for the
communitytypeB diet (Naiduet al, 1980). Thatdietinvolvestheuse of
importedfoodsbroughtin on a regularbasisby supplyshipto supplement
localproduce. Vithoutsuchimports,thedoseswouldbe higher.

DOE-1982usedtheLiverBorefindings,but failedto utilizethoseof
BrookhavenNationalLaboratory.Theseincludedwhole-bodycountingto
determinecesium-137,a methodsuperiorto thatwhichcalculatesdose
fromthe diet.

Morerecently,Brookhaven’sresultswiththefissiontrackmethodto
determineplutoniumin urine,●nd from it the committedeffectivedose
equivalent,haveyieldeddoses whichdisagreewiththoseof the Lawrence
LivermoreLaboratorybasedon diet. Thiswillbe discussed.

.

[*Dr.Bairhas sinceinformed me thatthequotedtext shouldbe
interpretedto ●ean thatthe dietcontainedimportedfood●nd localfood
onlyfromRongelapIsland. DOE-1982inadvertentlydid not sentionthe
importedfood.]

.
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4.1 ExternalDose

The 1978aerialsurvey(Tipton& lleibaurn,1981)provided DOEwith
importantinformationon exposureto falloutin theNorthernMarshall
Islands.As the surveyproceeded south●nd east from Bikini Atoll,the
seatof theBravoshot,theexternalexposureratefell ( Table4.1#l).
It was calculatedfor 1 meterabovegroundlevel.

At RongelapAtoll (Figure4.1 #l),the islandsfellintofour
exposuregroups (microroentgensper hour)from north to south: Naen,
Yugui, Lomuilal (28-43 }R/h),Eniaetok,K@elle, Gogan(10-27#R/h);
Busch,Borukka,Gabelle,Tufa (5-9pR/h);”RongelapandArbar(4.1-4.5
uR/h).

The externaldose (whole-body),vas calculatedfromexposureby my
assuning1 roentgen= 0.7 remtissuedose (Kerr,1980;U.N.1982). For
RongelapIslandthe annualdose was .028rem,wellbelowtheEPA guideof
.170rem/year;8 othermajorislandswerealsobelowthe guide(Table
4.1 /1).’ The factorof 0.7rem per roentgenwas usedto allowforthe
[possibly]smallersizeof theRongelap[population]and themany
children.The conventionalvaluefor the 70 kg standardmanis 0.61.

Thereis alsoa shallowdoseto be considered,thatdueto betarays
whichtravelfor shortdistances({1 cm) intothosepartsof the body
thatare nearor in closecontactwiththe soilandthatareunshielded.
Theircontributionis consideredto be negligible(Note7).

Theseestimatedexternalgamma-raydose ratesaremaximalones.
Indoorsthe rateis reducedby about50%. Likewise, the rate is reduced
by about50$ in the immediatevicinityof housesowingto thecoral
gravelthatis spreadaroundthem(Singletonet al, 1987●nd Robisonet
al, 1982b). This,of course,is importantin the caseof infantsand
smallchildren.

Otherannualcontributionsto externaldosagewhichare~ included
come from cosmicradiation(.028rem)andmedicalexposure.

In summary, the contribution of falloutto the total●xternal
radiationdoseat RongelapIslandin 1978was approximately.028rem per
yearuncorrectedfor the shieldingwithinor ●roundbuildings,which
woulddecrease the rateby 50*. The 30-yearwhole-bodydosewouldbe
.590rem allowingfor spontaneousdecay,but not shielding.
Environmentaldecay suchas leachingof radionuclidesfromthesoilwould
reducethisestimatestillmore,but wasnot allowedfor.

[’Basedon the annualdoses in Table4.1 #1,the Lukuengroupof
northernislandsexceedtheradiationprotectionguide(Note5) on the
basisof externaldosealoneand theEniaetokgroupapproachesthislimit
(.17rem/yr). Uith the internaldosealsotakenintoaccount,I would
recommendthatno islandsbe inhabitednorthof BorukkaandEniaetok.]
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RONGELAPATOLL

NAEN -

7

id
I

(43) r-l 1

[
F-50

F-44

\F45 F43

ARBAR
(4.1)

>

F-a
F-35
F-36
F-37
ME BUSCH
F-29 (5.3)
F-40
F-41

F42

EONGUAF
(4.5)

.-
ti

PRINCIPALISLANDS0? ROIIGELAPATOLL?igure4.C1

fie nuxbersin parentheses ●re the ●xternalwhole-bodyexposure-ratesin
aicroroeatgens/hour,correctedfor cosmic radiation,asdeterminedin 197
by ●erialmmey (Tipton&lfeibau8, 1981).
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TABLE4.1 #1 AVERAGXEXTERNALEXPOSUREANDEKTERNALDOSERATES(19781
(gammaray)FOR ISLANDSAFFECTEDBY BRAVOFALLOUT

(The1990doses willbe approximately754of thosefor 1978.)

Atoll ●nd
Reference

BikiniAtoll
Tipton& lfeibaum(1981)

Singletonet al (1987)

RongelapAtoll
Tipton& Heibaum(1981)

Paretzke(Note8)

Greenhouse& Nilten-
berger(1977)

AilingnaeAtoll
Tipton& lfeibaum(1981)

Paretzke(Note8)

UtirikAtoll
Tipton& Meibaum(1981)

Island

Eneu
Bikini *

Eneu
Bikini

Rongelap

Arbar

BUSCh,Tufa,

1978

1986

1978

Borukka,Gabelle

Eniaetok,Kabelle,
Gogan

Lukuen,Naen,Yugul,
Lomuilal

Rongelap

Rongelap

Sifo

Hogiri
Enibuk

Utirik

1987

1977

1978

1987d’

1978

al
Exposure
(gamma)

dcroroent-
gens/hour

2.7
35.0

--
--

4.5

I 4.1

5-9

10-27

28-43

bl
Dose

whole-body)

rem/year

.017

.215

.018

.160

.028

.025

.031-.055‘

.061-.166

.172-.264

I
4.1 (7)cdi .025

I
3.6-4.5

1.4

1.3 (1)
2.2 (1)

0.8

.022-.028

.009

.008

.013

.005

a/
Measuredat 1 meterabovegroundlevel,correctedforcosmicrays.

b/
Annual,whole-bodydose (millirem/year)calculatedas equalto 6.13x
10-3x uR/hour. For theepidermaldose,seeNote7.

c/
The averageof 7 locationsrangingfrom2.2to 4.6pR/hour.

dl
Correctedfordecayback to 1978. SeeNote 9.
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4.2 InternalDose- LawrenceLivermoreNationalLaboratory

LawrenceLivermore●ttacked theproblemby determiningwhatwent
intothe body by ingestioh●nd inhalation(picocuriesper day) [Table
4.2 821,,and thenapplying●ppropriatefactorsto suchinput(exposure)
to obtainthe dosein rem. The particularonesI haveused●re givenin
Table4.2 #1.

The majoruncertaintyof the “input”methodliesin the diet--noone
knowspreciselywhatit is,althoughseveralattemptshave been made to
defineit. DOE-1982usedtheBNL communityB diet,i.e.,one involvinga
greateramountof food●nd alsoa greaterinputof contaminatedfood
(Note8). Naiduet ●l (1980)who originallydescribedit commentedthat
thedietrepresentedprepared,not eatenfood,●nd thatin factit was
morethana personcouldeat. Thisresultsin overestimationof dose.
The LawrenceLivermoregroupthatusedit fordose calculations
concurred.

The 1978specificactivitiesmeasuredby theLivermoreteamwere
madeon 21 samplesof coconut,5 of Pandanus,1 of breadfruit,1 chicken,
2 pigsand 98 fish,on thewholea barely●dequatenumber(Robisonet al,
1981a,1982b). In 1986,however,thatLaboratorytookfor analysismore
than75 samplesof coconut,morethan10 of breadfruitand someothers:
the resultswere in agreementwiththe earlierones,and a summaryof all
datais shownin Table4.2#2, calculatedfor 1990. [(Seealso
Table4.2 #2,p. 26, in PreliminaryReport.)]

Sincethe Rongelappeople haveexpresseddoubtaboutthe reliability
andhonestyof Departmentof Energyscientists(e.g.,thosefrom
Brookhavenand Livermore),a comparisontrialwas carriedout in December
1987in whichsamplescollected●t RongelapandAilinginaein the
presenceof SenatorAnjain●nd othersweredivided●mong several
laboratories for analysis (Livermore,Bremen,Neuherberg(Munich)and
Berkeley).The resultsdemonstrated●greement(Note9).

Cesium. I am taking 3,400 pCi/d (in 1990) ●s the exposure due to
cesium-137,basedon ● totalfor foodslistedin Table4.2 #2 plus ● 10t
allowancefor a miscellaneousvarietyof others(Note8, Table#l). The
whole-body,redmarrowand bonesurfacedoses [30-year] ●re justabout
equal,1.26rem (based on the factors givenin Table4.2 #l).

Strontium.The strontium-90~stimatesfor 1990●re basedon the
1978samples; I have beenunableto learnhowmuchsoreworkhas been
done sincethen. I am thereforetaking21.8pCi/dbasedon fieldsamples“
plus● 25* incrementfor othermiscellaneousfoods. The totalexposure
is 27.3pCild. The 30-year doses ●re: whole-body, .025 rem; red
marrow, .137 rem; bone surfaces,.300rem. (Scaled back to 1978,they
wouldbe 33$more.)
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Transuranics.Basedon Table4.2 #l and theplutonium-239,-240exposure
of 0.293pCild,the 30-yeardoses●re: whole-body,.011rem; red
marrow,.017rem; bonesurfaces,.214rem. The americiumdoses*illbe
35$of theplutonium-239,-240ones. The totaltransuranicdosageis
therefore.015rem,whole-body.

Water. In the caseof catchmentwater(Noshkinet ●l 1981),the
radionuclidelevels●re no higherthsn38 of theguides. In the caseof
groundwater,the sameis trueexceptfor strontium-90,whoselevelis
about25% of the guide(8pCi/liter).(Theselevelshavebeen scaledto
1990.)

#
Inhalation.It is the transuraqicsthatare of consequence.The

originalestimatesof respireddustwerevery●uch toohigh (Shinnet ●l
1980)and theyhavebeenreducedto makethemmore realistic(Robison
1988). The matteris discussedin Note10. Takingthedailyintaketo
be 0.006pCi/d,the 30-year●dultdoseis .027 rem whole-body,.041to
thered marrow,and .005 rem to thebonesurfaces.

Summary. The individualdoses [for cesiumandstrontium]have
beenmultipliedby 1.33to scalethembackfrom1990to 1978,the yearin
whichDOE-1982’Ssampleswerecollected.It shouldbe recalledthatthe
followingestimatesdependdirectlyon the assumeddiet.

LivermoreAdult30-YearDose
(tYPeB cOMMUnltydiet)for 1978-20C18*

Source Uhole-bodydose Redmarrowdose
(rem) (rem)

Inhalation .027 .041
Internaldose
-cesium-137 1.673 1.673
-strontium-90 .033 .182
-transuranics .015 .023

Externaldose ~ ~

Totals 2.34** 2.51***

DOE-1982 2.500 3.300

● To convert1990to 1978,multiplyby 1.33[forcesium●nd strontium.]
●* Committedeffectivedoseequivalent
***Committeddose equivalent
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TAR124.2 #hi

Radiandide
& period

~137
initialyear

0-30year

3*7Oyear

mKm’nH-90
initialyear

I 0-30year

I
I

3*7Oyear

; PLUIWIW239.-24O
initialyear

I 0-30year

30-70year

‘ Almucm-241
I initialyear
I
I *3Oyear

k

C.E.D.E.b/

—— —.

1.7 E* I

3.7 E-4

2.2 E-4

4.7 E-5

9.2 E4

5.6 E-4

1.3 E-3

3.9 E-2

5.1 E-2

1.3 E-3

3.9 E-2

Rd

— .——. -

1.7 E+

3.8 E-4

2.4 E-4

2.4 E-4

5.0 E-3

3.0 E-3

1.9 E-3

5.7 E-2

7.4 E-2

Like C.E.D.E

1.8 E+

3.6 E-5

2.2 E-5

1.0 E-8

3.1 E-7

4.1 E-7

me plutcniun

5.7 E-2 I 1.6 E-6

Like plutaliun
1

5.3 E-4

1.1 E-2

6.6 E-3

2.4 E-2

7.3 E-1

9.6 E-1

7.3 E-1

1.8 E+

3.6 E-5

2.2 E-5

4.2 E-3

1.3 E-1

1.7 E-1

1.3 E-1

b Ccmmittedeffectivedoseequivalent(whole-kc@dose).Other&es arecamiittddctx.
@valents (tissued==). ‘heC.E.D.E.isthesumofth~doseequivalentsto11tissues
ofthebodyofa stardardman,eachweight~bytheriskofcancerresultingfrccca unit
dosetothattissueascunparedtotheriskfrana unitdosetothewholebd~.

CJE+ si@f~: Xl(Pg.
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It
$
I
I

i

CESIW-137
initialyear

(F3Oyear

3CF70year

SIRXITW90
hitia.1w

0-30year

30-70year

PWIWIW-239.-24O
& AMXcItP1-241

initial year

30-70year
1

C.E.D.E.b/

LO E-91

2.2 E-4

7.7 E-5

1.6 E-3

1.5 E-1

4.5 E*

6.0 E+

REd-1-
%!

9.9 E+ 1.1 E-5

2.0 E-5 2.2 E-4

4.2 E-4 4.6 E+

8.7 E-3 9.5 E-5

2.3 E-1 2.3 E-2

6.9 E-O 6.9 E-1

9.2 E+ ~ 9.2 E-1

surfaces

9.4 E+

2.0 E-4

9.2 E-4

1.9 E-2

2.8 E+

8.4 E-1

1.12E-2

Liver

1.0 E-5

2.2 E-4

3.1 E-6

6.4 E-5

5. E-1

1.5 E-1

2.0 E-1

●I ItisassuredthattheradicmuclidesinsoildecaysrcntaneouslY. Ihe tableImvides
dosefactorsinreut/piacuries/day.Itisbasedcm= (1987)~ch providesf-~rs in
Sv/Bq(=3.8x redpiaxurie),andisansistentwithICR2reccxmdaticms(ICW1986,
1987).thesefactorsallmforthefractiaofradimclideabsxbed,itsdistrihtimand
residencetimeintheMy, theakmpticn ad efftiiveness of itsradiaticninthekcdy,
anditsrateofphysicaldecay.Seep. 24.

b/Gannittedeffaiveb equitient(u!de-bdydose).Otherdcsesarecmmitteddose
equivalents(tissuedoe).TheC.E.D.E.istheam ofthedoseequivalentstoU tissuesof
thebdyofastardardman,tiueightedLytheriskresultirqfranaunitdosetothat
tkmeascmparedtotheriskfmnaunitdoset.otheublebdy.
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‘1’ABIZ4.2#2
mSPErIPIcM’IVXIYm 1990●l

Oiultiplythecesiunad strcntimtiuesby1.33tosde themf= 1978.)

Item

krwru)t
Breadfmit

-Ut
hinkirgmat
Drink.fluid
Copra
Hilk

-

@d

o
36
19

100
514

, 1%
8preuting ~ lm

Papaya : 0
-

1°
Palxianus 1%
Pi5h M
Pcdtxy 3
Uildbixds 9
Dfnesticmeat o
Pork 1.4

Clars 15
cr* o

20

‘lUrtle .1
Snails u
tit crab 1
titer .14
StAlfish -

2310

3.2
2.n
1.1
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4.3 InternalDose- BrookhavenNationalLaboratory

Cesium. It is a curiousfactthatBrookhaven’sstudieswerenot
utilizedby DOE-1982.Brookhavenhad chosenwhole-bodycounting,●
definitivemethodindependentof assumptionsconcerningdiet,to follow
cesiusin the Rongelappopulation(Conardet ●l 1980; Lessard1984b,c;
Miltenbergeret ●l 1980),●nd one of primaryimportancein the present
casewherecesium●ccountsfor958 of the dose.

The cesium-137bodyburdenfell from ●bout 670,000 pCi in 1958-65 to
about 175,000 pCi in 1979. It is of interestthatbody burdenfellby
75% in 20 years,whereasthehalf-lifeof cesiumis 30 years. Perhaps●

changein eatinghabitsor ● largerde reeof environmentallossof the
8radionuclidethanhas beenestablish wereat work.

In any event,theBrookhavenestimatesforwhole-bodydose (1978)
are .027rem,and for the●nsuing30-yearperiod.245rem (Note11,
Tables1,2). The 30-yeardose was calculatedby extrapolatingthecurve
for thepreviousdozenyears.

A moreconservativeassumptionwouldbe thatthedosewill fallonlv
as a resultof spontaneousdec~yby cesium-137.In thiscase,the
30-year dosewouldbe .56rem forwhole-body,redmarrow and bone
surfaces.

We do nothavean independentfieldcheck on the accuracy
thewhole-bodyfieldmeasurements.The pointma!?be made, however,

of “
that

it was thisteamthatdiscoveredthepre~ipitous-risein body-burdenof
theBikinisettlersin 1977-78andwho thereforecalledfor theirremoval
from BikiniAtoll(Conardet al, 1980;Miltenbergeret al, 1980).

Strontium. Strontium-90dailyexcretionwas determinedby urine
analysisand the committedeffectivedoseequivalentcalculated
therefrom.Threeautopsieshaveconfirmedsuchcalculations(Conardet
al 1980,p. 115). The annualwhole-bodydosefor1978was lessthan.001
rem (Note11,Table2); thesubsequent30-yearcommittedeffectivedose
basedon spontaneousdecayalonewhouldbe .015rem. The corresponding
tissuedosesare: redmarrow,.079rem; bonesurfaces,.179rem.

Transuranics.Althoughonly104of some270determinationshave
beenlookedat, it is clearthatthe resultscannotbe usedas theystand
now. A fulldiscussionis presentedin Note12; herewe dealbriefly
withtheconclusions.

Plutonium-239wasmeasuredin urinesamples,collectedin 1981●t
Rongelap,usingthe fissiontrackmethod(ORAU,1987). The dataappear
to be bimodallydistributedovera ranQeextendingfrom1 x 10-spCi/d
(thepracticallimitof detection)up to 5 x 10-3pCi/d. Neithersex nor
ageappearsto playa primaryrolein determiningthisresult.

5ooN33q
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The oralintakeassociatedwiththemaximumurinaryoutput wouldbe
38 pCi/dof plutonium-239,or 76 pCi/dof thethreetransuranics
(plutonium-239,-240;.americium-241)oIt wouldseem impossibleto eat
thismuch;theminimumquantitywouldbe 5.6kg of clamseveryday (Table
4.2 #2). The 30-yearwhole-bodydosefrom36 pCildwouldbe 2.96 rem.

On the otherhand,themedianexcretionof ●bout1 x 10-4pCi/d
wouldrequireeating1.2pCi/dof all threetransuranics.Thiswouldbe
●bout3 timesthecurrentlyestimatedoralinputusedby Livermore,based
on the communitytypeB diet,●nd ~resumablywouldbe possible.The
30-yearwhole-bodydosewouldbe .045rem. It is curiousandmaY be of
somesignificancethatthemedianof such●n extendeddistributionshould
be withina factorof threeof the dietmethod’ssingle●stimate.

Summary. In summarizingtheBrookhavenresults,tno estimateshave
beenmadeto covertheuncertaintiessurroundingthe transuranic
determinations,onebasedon themedian,theotherbasedon theran9e
fromminimumto maximum.

Source

Cesiun-137:

Strontium-90:

Transuranics
- median
- range

Externaldose:

Total:s
- range

Brookhaven
30-Year(1978-2008)*Adultdoses
Whole-bod!P*
(rem)

.560

.015

.045
.005- 2.96

.59

1.21
1.17 - 4*13*9**

~ Barrow***
(rem)

.560

.079

.068
.008- 4.33

.59

1.30
1.24 - [5.56]

● Not includinginhalatio~
●* Committed●ffectivedose equivalent
●** Committeddose ●quivalent.
●***The ●stamatefallsbelowthe 5 remguidefor 30 years evenwhenthe
maximumtransuranicestimateis used - onewhichwould●ppearto be ‘
dieteticallyimpossible.
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Figure4.3 #1. Adultcesium-137bodyburden●s a functionof time
sinceresettlementof RongelapIslandin 1957.

-.

The maintenanceof thebodycontentdepends on the radionuclide
intakefromthediet. The physicalhalf-lifeis 30 years; the
physiologicalhalf-lifeis 110daysin men,80 daysin women, and
less in youths ●nd children. (1 Beuuerel = 27 Picocuries:
1 nanocurie = 1,000 picocuries) The ●aintenance of the specific
●ctivityof 1 pCilgin softtissuefor 1 year uives rise to a dose
of .01 rem.

(Figurecourtesyof E.T.Lessard,BrookhavenNationalLaboratory.)
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4.4 InfantDosage

I

i..

.

The dosesthathavebeenunderconsideration●re for●dults. In the
caseof childrenandinfants,thedosesmightbe differentowingto
variationsin (1)physicalandphysiologicalprocessesand (2)dustand
diet.

Physicaland~hysiologicalfactors.Thesevariables●ffectthe
conversionfactors in Tables 4.2 #lA& #lB. For txample,the smaller
sizeof childrencandiminishthe fractionof gammaray●nergyabsorbed
in thebody; theresidencetimeof theradionuclidein thebodymay be
less thanin adults; thefraction●~sorbedfromthegutmightbe much
more. Furthermore,a long-livedradionuclidedepositedin the body at
●ge 6 monthswillbe dilutedby growthso thatits “picocuries per gram
of tissue”,on whicha dosedepends,willfallsignificantlywithtime.

Table4.4 #1,basedon theUnitedKingdomNRPBreport (1987b),and
consistentwiththerecommendationsof theICRP (InternationalCommission
on RadiologicalProtection),showsthatthecorrectionsfor childrenare
wellon theirway to disappearingby age 10 y, butare important in the
firstyearor so of life. The correctionfor cesium-137is an increase
of not more than208,but thatfor strontiumis about3.6-fold.For the
transuranics,it is 2.4-foldfor inhalationduringthe firstyear,but
for ingestionit is 22-foldformonthsO-6,and 2.1-foldthereafterin
thatyear.

Thesefactorsare for committeddoseswhichin the caseof children
aged10 and lessarecalculatedto age 70 yearsratherthanfor the
standardizedperiod of 50 yearsin adults. For radionuclideswithshort
physiologicalhalf-livessuchas cesium-137(lessthan110days), this is
of no consequence.But for the transuranicswithhalf-livesin liverand
bonemarrowof 20 and50 years,respectively,theextraresidencetime
●dds to the 50-yearcommitteddose.

In generalit wouldbe ●xpectedthatthe smallerintakeof children
and infantswillcompensatefor the increasedsizeof theirdose-factors
comparedto the●dultones in Tables4.2 #lA & #lB.

Sincethereare●lmostno directlypertinentRongelapdataon such
inputs,we have●pproachedtheproblemin twoways. First,we havemade
somecalculations●imed●t settingupperbounds. Second,we have
●ttemptedto obtaininformation~rom theMarshallIslandson infant●nd
smallchilddiets.

r,

. .

-.
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Table4.4 #1

CHILDREN:FACTORSTOCONVERTANNUALOR 30-YEARCONSTANT
INTAKE(pCi/d) TO DOSE (rem)

(Thefactorsfor adultsin Tables4.2 #lA& #lB ●re to be multipliedby
therelativevaluesin thistable)

Age at ExB&ure
30-year

Nuclide●nd route > 20 yr~l 10 yrbl 1 yrbi O-6mobiexposurecl

CS-137 Ingestion 1 1 1.1 1.1 1.02
Inhalation 1 1 1.2 1.2 1.03

Sr-90 Ingestion 1 1.4 3.6 3.6 1.54
Inhalation 1 1.4 3.7 3.7 1.56

PU-239‘1 Ingestion 1 1.3 2.1 22. 1.63
Inhalation 1 1.3 2.4 2.4 1.35

● l Adult. The adultdosecommitmentis for 50 years.

bl For childrenthecommitmentis untilage 70.

c1 30 yearsof constant“adult”intake,beginningat ageO. Sincethe
intakeof childrenin fact is much smaller than of adults, the true value
will be much closer to 1.

‘1 Also plutonium-240andamericium-241.
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Cesium-137in mothers’milk. The cesiumcontentof mothers’milk
was determinedon samplesfromthreeBikiniwomen in 1979,ninemonths
afterleavingBikiniwheretheyhad beenresidentfor 3-8 Years
(Xiltenbergeret al, 1981). Themeanbodyburdenof cesium-137was .13
pCi (.09- .18);thespecificactivityof themilkaveraged.40pCi/ml
(.26- .53); the meanspecificactivityof milkwas therefore3.3x 10-6
timesthebodyburden.

In 1977on Rongelapthemeanbodyburdenof cesium-137in womenwas
.251pCi. ApplyingtheBikinifacto$gives.83pCi/mlfor thespecific
activityof cesium-137in Rongelapmilk. Takingmilk consumptionto be 2
litersper day,thecommitteddosegeneratedin monthsO - 12 wouldbe

(2,000x .83)x (1.1x 1.7x 10-9)= .030rem.

Transuranics. We haveno datafortheconsumptionby childrenof
plutonium-239,240andamericium-241and thereforeestimatetheirdosage
as follows:

(a) For ingestion,supposethatinfantsandchildreneat as muchof
the transuranicsas do adults. Takingtheworstcaseof no supplyships
for the entireyear,so thatonlylocallyproducedfoods are consumed,
Livermorenow estimatesan adultintakeof 1.8pCi/d (Ref.Robison).

For intakeduringtheperiod0-12monthsof.agetheestimated
committedeffectivedoseequivalentwouldbe:

(1.8)x [(2.1+ 22)/21x (1.3x 10-3)= .028rem (lstY, ingestion)

Of thiscommitteddose,notmorethan .019remwouldin factbe received
duringthe firstyear.

(b) To thiswouldbe addedthe dose frominhalation(Section4.2).
Taking.024pCi/das the●dultexposure,whichwouldbe a liberal
allowancefor the infant,the committedwhole-bodydosewouldbe:

(.024)x (2.4x .15)= .009rem (O-1year,inhalation)

On thissomewhatspecialbasis,thecommittedeffective transuranic
doses would be 0.037 rem (lst year). The dose●bsorbedduringthe first
yearpresumablywouldbe no morethan .025rem.
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Diet. Ue have●lso●ttemptedthroughthe assistanceOf thepeace
Corpsto findout quantitativelywhatinfants●nd smallchildreneat.
(Such information will be of value to the professional nutritionists in
the Marshall Islands ●s well as to ourselves.)TheCorpsvolunteers,all
of whomspeakMarshallese,carriedout inquiries on their own islandsof
residencewherethey●re familiarwiththelocalscene●nd people,and
have lived for ●t least one year. the dietswere●scertainedby living
witha familyfor one day on two separateoccasions●nd recordingwhat
was eatenby the child(Note13). f

At presentwe haveonlythereturnsfrom 5 islands of 4 ●tolls,
comprising 21 children,7 monthsto 4 years of age (butchiefly below
1 year). The principalfinding,as mighthavebeenexpected,is that
childrenare breastfed untilwellpast6 monthsof age,in factoften
lnrothe~secon~year.

A secondimportantfinding●ppearsto be that●dditionalfoods
duringtheweaningperiodareoften,if notusually,imported.Thediet,
however,variesgreatly from familyto family,as wellas from day to day
(to judgeby thesetwo-daysamplings).

I have used Table4.2 #2 and relatedmaterialin calculatingthe
dailyintakeof cesium-137,from the individualdietreports.The two
reportsfor eachchildwere ●veraged,●nd then●n averageobtainedfor
the island. In the summarybelow,the islandmeanis follouedby the
range,followedby the numberof children,in parentheses.

1. Ine Island,Arno: 128 pCi/d(0-210;3)
2. BuozIsland,Ailinglaplap: 113pCi/d(0-215;5)
3. Kaven Island,?faloelap: 212pCi/d(58-343;3)
4. UojaIsland,Ailinglaplap: 405pCi/d( 7-995;9)
5. WotjeIsland,Wotje: 500pCi/d (215-785;2)

Themaximum
samplesvas
probably●n
CeSiUm-137i

(1000)

individualdailyintakeof cesium-137indicatedby these
not ● constantone,but may be usedto estimatewhatis
upper boundfordailyconsumption.For1000pCi/dof
thedosewouldbe (1990):

x (1.1x 1.7 x 10-S) = .019rem (committedfirstyeardose)

Scaledto 1978,it wouldbe .025rem.The strontium-90dose wouldbe less
than5% of this.

It is not claimedthattheseresults●re definitive.Nonetheless,I
believethatthesedata-do provide at the’ very leastsignificant
orientationto the problem.Accuratedata ●re very hardto obtain,
accordingto thevolunteers,and the investmentin time-- about2 days
per child-- has beena verylargeone,indeed. Onedifficulty “
encounteredwas gettingthemothersto understandwhatkindof
informationwas wantedandwhy. No briefinterrogatoryvisitscould
obtainreliabledata. The study is stillgoingon,and it is hopedthat
moreinformationwillbe availableby October.
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Summary.A maximumtypeof internaldoseestimatefor age 0-12
months(1978)“canbe madeby adding the threedosesjustdeveloped:

Cesium-137in breastmilk (2liters/d) .03 rem

Transuranics(intakeequalto thatof
adults): .04 rem

PeaceCorpscesium-137estinates:ti .025~

Total: .095remperyear.

Theestimateis thereforeabout.095redyear. Iiowever,it mustbe
recalledthatinfantsdo not drink2 litersof breastmilkper day -- a
betteraveragemightbe I liter;thetransuranicdoseduringthe first
year (notcommitteddose)wouldbe closerto .025rem; the dailyaverage
of non-milkcesiumintakecouldbe materiallylessthanthatstated. A
maximumtotalof .05remseemsmorelikelyat present.

Untilwe havea moreextensiveappraisalof whatthe infantand
smallchilddietis, it wouldbe wisetowithholdfinaljudgement.The
informationin hand,however,doesprovidespecificorientationto the
methodologyof theproblemand themagnitudeof thedosesinvolved.

,-
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4.5DoseSummary

The dosageproblemas developedin thisReportbreaksdown into
threeparts: the sdultdose,theuncertaintyintroducedintothe adult
doseby the transuranics;the infantdose.

(a) Adultdose. For the 30-yearfiriod1990-2020,theone of
currentinterest,the followingtabulationshowsthat ●ll threeestiaates
of theadultdose [basedon thecommunitytypeB diet]meet the 5 rem
guide.

Ronaela~: 30-YearAdultExDosure(1990-2020)

Source Uhole-body Redmarrow
(rem) “(iGl-

Livermoredata 1.80* 1.88**

Brookhavendata**** .91* .98*s
(.88- [3.8]) (.93- [5.3])

DOE-1982Report*** 1.9 2.9

● Committedeffectivedoseequivalent
●* Committeddoseequivalent
*** Integraldoses
●*** The mediantransuranicdosewas employed.

TheBrookhavendosesare abouthalftheothers; cesium-131was measured
withtheuhole-bodycounter,thepreferredaethodforitsdetermination.
[The“totaldose” is basedon themedianplutoniumdose,the“range’”on
thelowestand highestindividualdoses.] ‘

DOE-1982statedthatthedieton whichitsreporteddoses were based
consistedonly of localfoodsfromRongelapIsland[butsee footnote,
p. 23]. Thatstatementis incorrect.LawrenceLivermorecalculatedthe
citeddose on the basisof thecommunitytypeB diet,and thatdiet (for
comparability)has beenusedfor the calculationof alldoses●bove.

The cancermortalityrisk for 500 personssettledon RongelapIsland
andreceiving1.9 rem over the next 30 years.wouldbe:

500 x 1.9x 2.5x 10-4 = .24cases

Theriskfactorusedhereis 2.5 times thatadvocatedin theNational
Academyof Science(1972)report. It is lowerthanwhatis beingused
fortheJapanesesurvivors(Shimuzuet al 1987; Preston& Pierce1987),
buttheyexperiencedhigh-doseandhigh-dose-rateexposurewhereasthe
Rongelapexposurewouldbe low and at an extremelylowdose-rate.
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The riskfactorforfirstgenerationgeneticdefectsis smallerthan
thatfor cancermortality(NationalAcademyof Sciences,1972; NCRP,
1987a),being●pproximately1 x 10-~. Furthermore,sinceno genetic
effectshavebeenrecordedas yet fortheJapanese(RadiationEffects
ResearchFoundation,1987),it is unlikelythat●ny would be foundhere.

(b) Transuranics.Tbe Brookhavendoseestimates[arenot only
differentfromthoseof LawrenceLivermore,but]varysignificantly,
reflectingtransuranicdatawhichmayvaryby ● factorof 1,000. Could
thisbe “real”? Probablynot. To supplythetransuranicoral input
necessaryto maintainthemaximumurinaryoutputrecorded,it wouldbe
necessaryto eat 5 kg of clamseveryda$ -- or evenlarger●mountsof
otherfoods.

Obviously,somethingis radicallywrong,technicallyor
physiologically.Contaminationis onepossibility(urinecollectionin
the?Sarshallsis difficult).Or conceivably,an inbornerrorof
metabolismallowscertainindividualsin thegeneralpopulationto absorb
100 timesas muchfrouthegut as thatwhichthe ICRPrecognizesas
normal.

It is thereforeessential,as emphasizedin thePreliminaryReport,
thattheproblembe studiedimmediately.As a start,additionalurines
shouldbe collectedrepeatedlyfromthesameindividualsunderrigorously
controlledconditionsto determinethereproducibilityof results,and
whichsimplechangesin lifestylemightaffectthem.

(c) Infantdose— —* Thequestionof infantand childhooddosagehas
beenraised,and is a sensitiveissue. The maximuminternaldosefor
months0-12appearsto be 0.1rem. More informationshouldbecome
availableby October. Accordingto theICRPtables,the doseper unit
intakeis 2 - 3 timeshigherfor smallchildrenthanfor●dults,but
childreneat lessso thatthetwo factorstendto cancelone ●netherout.
In any case,the observationsthusfarshouldnotgiveriseto ●larm,but
theymus,tbe followedup.

(d) The foregoingcomments●pplyto the future.But what●boutthe
influenceof thepast? TheRongelapresidentsexposedto theBravoshot
receivedan acutedoseof 190 rem in 1954; during1957-1978they
“receiveda chronicdoseof 3 rem. Uy opinionis that the ●dditionto
these past doses of somethinglike 3 rem duringthenext 30 yearswill
not appreciablyincrease detectable health●nd geneticrisksin ● way
thatshouldprecludereturnto Ro@elap Island.

-..
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5. DISCUSSIONANDRECO)4HENDATIONS

5.1 Comment

-.

i

Section4.5.sulnmarizesthebasicresultsof thisreport. Theymust
be viewedfromtwoangles.

First,froma technicalpointof view,theyprovide● reasonable
basisfor assessingtheRongelapdosageproblem.It seemsclear that
under the ordinary conditions of Rongelaplife,thereis no significant
radiationdanger●ssociatedwith residence on Rongelap Island for ●dults.
The implicitassumptionin thisstatementis thatthe dietwillbe
equivalentto thatof thepast. To%hat ●xtentthatwillbe true after
resettlementcan onlybe learnedby monitoringtheinhabitantswith
whole-bodycountingequipment,●s doneby Brookhaven,supplemented●s
necessaryby urineanalysis.Any othermethod such ●s that used by the
Livermoregroupsmust●ssumea dietin orderto calculatethedose.

In the caseof infantsduringthefirstsixmonths,whiletheyare
breast-fed,it willbe themother’sdietthatultimatelydeterminesthe
dose. However,knowing themother’sbodyburdenby whole-bodycounting
willmakepossiblea predictionof hermilk’sspecific●ctivity. Or
directmeasurementscan be made on themilkitself. Presumably,● “safe”
mothershouldbe associatedwitha “safe”baby.

On general groundsone canestimatethe dosageto infantsand
children.Uhole-bodycountingcan be doneonlyif the childwill be
quiet. My interestin enlistingthe helpof PeaceCorpsVolunteers(who
speakMarshallese)was to see if the dataobtainedwithinthehomewould
make it obviousthatthechildrenwerereceivingobviously●xcessive
exposure.The resulthasbeennegative,at leastthusfar.

Thesenegativefindingswithrespectto radiationhazards●re
unpopularones,at leastforsomeof theHarsballese(andtheir
advisors),and understandablyso. Theirhistoryof irradiationwithout
warning,and thesubsequentdevelopmentof thyroiddisease(although
originallytoldnothingwouldhappen)initiateda distrust of the Federal
Governmentwhich has never left them,●nd feelings of uncertainty ●s to
the nature of their ●nvironment.

The secondpointof view is therefore that of the Rongelapperson
who doesnot havea graspof technical satters, but who for one reason or
●netherdistruststbeestablishmentwithwhichhe or his representatives
mustdeal.This situationis often if not●lwayscomplicatedby the fact
thatthe conceptof ‘objective” judgementis ● foreign one. The judge is
●itherfor themor ●gainstthem,but he cannotgive●dividedopinion.

During the course of this work, I have had criticismfrom Senator
&jain and from twoof the consultantsrbo regard themselves●s working
for him. It would be fruitless to ●nswer their comments one by one (two
lettersfromthemwere●ttachedto thePreliminaryReport). Here I
●ttacha letterfromSenatorAnjainof June25,1988,in orderto present
his viewsand reactionsto this project (Note 15). The letteris best
judgedby comparingit to the contentsof thisReport.

. .



5.2 Recommendations

Howeverthe programis set up, I recommend that it cover the
followingitems.

(1) Reinstitutewhole-bodycountingfor cesium-137now to
establisha baselineof comparisonto be used when the people
returnto Rongelap.We know, of course,thattheircountshave not
been excessive.

(2”)Studytheplutoniumexcretionin urine now [before “
return]*as a researchprojectto ~termine thereproducibilityof
the fissiontrackmethod●nd how●nvironmentalfactorsmight
influencethe results,[andespeciallywhy the Brookhaven results
differ so much from thoseobtainedby LawrenceLivermore].

.

L:

.

-.

.

(3) Extendthestudy[beforereturn]*of infantdietsand
-

thoseof smallchildren.Thiswillbe muchmore tineconsumingthan
foreignconsultantsmightsuppose.

.1

(4) Developa plan to controlcontaminationto the extent
necessaryto maketheRongelappeoplefeel comfortablewiththeir
Atoll. TWO methodsdevelopedat BikiniAtollmightbe ●dapted for
use here -- soilremovalor soiltreatmentwithpotassiumsalt. The”
planwouldbe a gradedone in whichthenorthernislandswould
receivemore treatmentthanRongelapitself,whichwouldreceive
little,if any. .

(5) The preludeto suchplanningwouldincludesome
contaminationsurveyson theimportantislandswherefoodis
produced.

(6) For thepresent,at least,I recommendno foodgathering
on islandsnorthof BorukkaandEniaetok.

(7) The factthatRongelap[Island]*●ppearssuitablefor
resettlementnow shouldnot be lostsightof. The Rongelappeople
shouldask themselveswhat further evidencedo theywant,or what
stepstaken,to makethemfeelcomfortable●boutthis. Will they .
ever feel comfortableaboutit? [Itis ●ssentialthattheybe
satisfiedbeforetheyreturn.]*

●Bracketedmaterialaddedto this editionis for Clarification.
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NOTES CITED IN THE TEXT

K.x

i.

L

The followingis quotedfrom ‘The Meaning of Radiation for
Those ”Atolls in the Northern Part of the Marshall Islands That
Were Surveyed in 3978”,U. S. Departmentof Energy,Washington,D.C., J
November1982,page39:

u

Inforfnotion TVsot HmBoonObtainedfrom ma Moomromonts
Ms60in1978
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N-2 COMPACT OF FREE ASSOCIATION
ACI’ OF 1985

. ,
PUBLIC LAW 99-239-JML 14,1986 99 STAT. 17S3

departmentoragencyoftheUnitedS~tesorby contract withs
United Stitu fti shall continue to rovide special medicaI
care and lo@tical support thereto for & e remaining 174 mem-
bem of the population or Rongelap and Utrik whowereexposed
to radiation resulting from the 1954 United Ststee thernw
nucIear “Bravo” tee~ pursuan b Public Laws 9S-134 and

k96-203. Such medical care and ita ccompanyingl . ticalsupport
Yshall toti $22,500,000 over the fht 11 yeara o the CompacL

(2) AGRICUL~U AND FOOD?R~M~.-Notwithatanding
any other provunonof law, upon the request of the Government

,of the Mamhall Ialandaj for the Iht five years after the effec-
tive date of the CompaW the President (either through an
appropriate depatment or agency of the United States or by
contract with a United States firm) shall provide technical and
other assistance-

withoutreimbumementj to continue the larking and
tagricultural n+tenance program on Eneweta ;

(B) without reunbursemen&to continueetide=f~ ro-
grams of the Bikini and Enewetak

r
d in

section l(d) of Article 11 of the Subsi iary A~ment for
the ImplemenWion of Section 177 of the Compact and for
continued waterborne transposition of a icultural prod-

5ucta to Enewetak including operationsan maintenance of
the vessel used for such pur

$-(3) PAW+mrrr%-Paymentaun er this subsection shall be p~o:
tided to such extent or in such a-mounts u are necessa

‘%services and other e.saiatanceprovided pumxmt to this su sec-
tion. [t is the sense of Congress that after the periods of time
spified in paragraphs (1) and (2) of this subsection, consider-
aticui will be given to such additional funding for these pro
grams as maybe necesary.

(i) RoNGw.+1) Because Rongelap was dirdy fleeted by
fallout from a 1954 United States thermonuclear test and &cause
the Ronge]ap peop[e remain unconvinced that it is safe to continue
to live on Ronge!ap Island, it is the intent of Con es to take such
steps (if any) as may be necessa

%
rto overcome t e ●ffects of such

fallout on the habitability of ngelap Island, and to restore
Rongelap Island if necessary, so that it can be safely inhabited.
Accordingly, it ia the expectation of the Cbngress that the Gover-
nmentcf the Mamhall Islands shall use such portion of the funda

‘F
ified in Article II, section l(e) of the subsidiary agreement for

t e mplemen~tion of section 177 of the Chm act as are necessary
J #Toup offor the purpose of contracting with a qualifi scientist or

scientisc to review the daLs collected by the Department o Energy
relating w radiation levels and other conditions on Ikmge!ap k!and
resulting from the thermonuclear -t. It M the ●xptxtition of the
Congress that the Government of the Mamhall Islands, after con-
sul~tion with the people of Rongelap, shall eel-t the party to
review such data, and shall contract for such review and for submk
sion of a report to the President of the United States and the
Con ess M to the results thenmf.

(2~The purpose of the review mferrd ~ in paragraph (1) of this
subsection shall be to establish whether the data cited in support of
the conclusions sa to the habitability of Rongelap Island, es set fomh
in the Depafiment of Energy report entithxi “The Meaning of
Radiation for Those Atills in the Northern Part of the Mamhall
Islands ThatWere Sumeyd in 1978’”,dated November 1982, are
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99 STAT. 1784 PUBLICLAW 99-239-JAN.14,1986

Haxmdous
materials.

L..

I,.-.

1:

t

Ante. p. 1781.

91 !kt. 1159.
94 sut:,84.

P04 p.1812.

adequate and whether such conclusio~ are fully sup rtedbythe .
rda&. If the rty revieting the data conchx?eathat wc conclusions

ras to habits flit are fullysupportdby ad~ua@ data the repoti to
f“the. ~Kident o the Uniti States and the tingres cM! sostate. If

thepatiyreviewingthedatsconcludesthatthedataareinadwuate
tosupport such conclusions as to habitability or thatsuchconclu-
sions as to habitability ●re not fully au PO* by the data, the

rGovernment of the Mamhall Ial~& shal contmct with anapp~
pna~ scientist group of acientuta to undertake ● complete sumey

rof radiation an other ●ffects of the nuclear testing program relat-
ing b the habitability of Rongelap Island. Such sums as are nec-
essary for such sumey and report concerning the rasulta thereof and
as to steps needed to restore the habititiity of Rongela Island are

&authorhd ti be made ●vailable to the Government of e MarshalI
Islands.

(3) It is the intento!Gxqmasthatsuchate (ifany)aaare
Enecessary to restore the habitability of Rongelap land and return

the Rongelappeopleto their homelandwill be taken by the Uniti
States in consultation with the Government of the M-hall Islands
and, in accordance with its authority under the Gmatitution of the
Mamhall Islands, the Rongetap local government council.

6) FOUR Amu HMLIII CARE PRocmbr.+1) Sewkes providdby
the United States Public Health &mice or any other United States
agency pumuant to section l(a)of Article II of the Agreement for the
Implementation of Section 177 of the &xnpact (hereafter in this
subsectionrefereed to as the “Section 177 Agreement”) shall be only
for sem.ces to thepeopleoftheAtollsofBiki~Enewet&
Rongela , and Utrik who were dkted by the consequences of the

EUnited utea nuclear tasting program, umuant to the program
Rdeedkl in Public Law 95-134 and Pub ‘c Law 96-205 and their

descendants (and any other WMna identified as having km so
efktedif such identifi~tion occurs in the manner d-ribed in
such ublic laws). Nothing in this su~]on shall be construed as

ip;e’u icial to the views or policies of the Government of the Mar-
tsh~l Islands as to the persona afkted by the consequences of the
United States nuclear testing program.

(2) At the end of the fimt year after the ●ffective date of the
Compact and a! the end of each year thereafter, the providing

or %encl= shall return to the Government of the Marshalt
a%!% ~y unexpended funds to be returned to the Fund Manager
(as deacnbed m Article I of the Section 177 Agreement) to be covered
into the Fund’to be available for futureuse.

(3) The Fund Manager shall rekin the funds mtumdp/{2l11-
Govemment of the Mamhall Islands pursuant to
this sukction, did invest and

-%T
e such fundq an at the end

of 15 yearnafter the effectivedate of e @mpacL shall make from
the total amount so retained and the pmceeda thereof annual
disbumem ta sufficient to continuq to make payments for the

rpdlon f hea!thaernceaass
r

1~ in paragraph(1)ofthis
subsectiontosuchextantasmay providdincmtractabetween
theGovernmentoftheMa.mhall Islands and ●ppropriate United
States providemof such health aemicu.

(k). ENJEM COXMUW7Y hUET ~.-Notwi-ti any other

E
%vts:on of law, the Secmta of the ‘IYaasuryshalles@ liahonthe

t~ oftheT-WY ofthe nitedStates● fund ha”. the stitue

F
-1MI in Hcle V of the su~ldiaryagreementor the im-

p ●men@tion of Section 177 of the ComX to be known 89 the
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N-3 The following comments relate to the timingof the ●vacuation
of theRongelappeople.

(a) According to C. L. Dunham, Director of the MC Division of
Biology ●nd Hedicine, (Cronkite ●t ●l, 1956), “unexpected changes
in the vind structure deposited radioactive materials on inhabited
atolls ●nd on shipsof JointTask ?orce 7, which was conducting the
tests. Radiation surveys of the ●reas revealed radiation levels
above permissible levels: therefore ●vacuation wan ordered, ●nd was
carried out ●n quickly●a possi@le with the facilities●vailable to
the Joint Task ?orcew.

(b] According to Herril Eisenbud (personal communication, see
references)● scientific member of the Task Force, “Thereare many
unanswered questions ●bout the circumstances of the 1954 fallout.
It is strangethatno formal investigation was everconducted.
Therehavebeenreportsthatthe devicewas explodeddespitean
adverse meteorologicalforecast.It has not beenexplainedwhy an
evacuationcapabilitywas not standingby, as had beenrecommended,
or why therewas not immediate●ctionto evaluatethe matterwhen
the Task Forcelearned(sevenhours●ftertheexplosion)thatthe
AEC Health& SafetyLaboratoryrecordinginstrumenton Rongerikwas
off scale. There was ●lsoan unexplainedintervalof many days
before the falloutwas announcedto thepublic”.

(c) Sincethe Rongelapesehad beenevacuatedpriorto previous
tests,it is not clearwhy the usualprocedurewas changed. In
February1954,Dr.Bertellhas toldme, MagistrateJohn Anjainof
Rongelapwas toldabouttheBravotest,but was not giventhe date.
He saidthat“thereareno ordersfromWashingtonto evacuatethe
people”.

(d) Rongelapwas evacuatedon ?farch3, 1954,approximately50-55
hoursaftertheshot.
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N-4
This notedealswiththemissionof themedicalprogram at Rongelap

(letterfromU.E.Adams,M.D.),somemedicalfindings●t the timeof the
relocationof theRongelappeoplein 1985 (letterfromDr. Adams to Xr.
RogerRay);and ● detailedsummaryof the thyroiddosagefromexposureto
falloutin 1954. #
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NOTE 4: Ih’PRODUCTION- THE t41SSION OF THE MEDICALPROGRAM.~ —— ———— —— —

:];]] BROOKHAWN NATIONAL LABORATORY

q~]] ASSOCIATED UNIVERSITIES.INC.L-
Upton, Long Island, New York 11973

Medical Demrtment
(516)282\
FTS 646/

$ hril 28, 1988

Henry Kohn, M.D.
RongelaP Rea~sessment Project
1203 Shattuck Ave.
Berkeley, California 94709

Dear Dr. Kohn,

Let me state briefly what the Brookhaven National Laboratory
Marshall Islands Medical Program is and what it is not.

The medical program is mandated by Congress under Public Law
95-134 to provide for diagnosis and treatment of radiation-
related disease among the populations of Rongelap and [Jtirik
exposed to Bravo fallout radiation in 1954. The U.S. Department
of Energy fulfills this mandate by contracting with the medical
department, Brookhaven National Laboratory, to provide said care, ~
The Department of Energy has permitted, by providing the

necessary operating funds, an extension of the program to cover
many aspects of health care unrelated to radiation exposure and
to offer medical services to a great number of unexposed persons.
No funds are made available for research because Congress did not
intend the medical program to carry out research; clinical care
of the injured parties is the program-s sole purpose. Therefore,
all activities of the medical program have a clinical goal, that
being improvement of the health of the population identified in
PL 95-134. The ability to disseminate the capabilities of the
medical program among the general Marshallese population
represents the natural tendency of any health care organization.
It is to the great credit of (JOs.Department of Energy personnel
responsible for carrying out the Congressional mandate that this
expansion of coverage has been warmly supported.

Sincerely yours,

William H. Adams, M.D.
Director, Marshall Islands

Medical Program

i
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The followingletter is fromDr. W. H. Adamsof BrookhavenNational

NationalLaboratoryto Dr. Roger Ray of DOE.

21UY

JuJy 10, 1985

IU

Hr. Roger Ray
Oeputy for Paclflc Operations
Nevada Operations Office
Department of Energy
P.O. Box 14100
Las Vegas, NV

Dear Roger:

In view of
precipitatedby

-.

89114

the recent evacuation of bngelap, uhlch appears t.o have been”
concern about harmful residualradioactivityon the atoll,we

have revjewed &r medical records to see lf there fs any Cjlnlcaj evfdence
that supports this conclusion and course of action.

Since 1957 an unexposed population of I!arshallese of Rongelap anc?stry
has been ●xamined perlodlcaJly by the Mcokhaven medical team. This
population (the Cornparlson graup} Is similar in age and sex
the exposed people of Rongelap. The reasonforexamination
grouphas been to obtain baseline lncfdences of diseases in
Marshallese population as an aid in detection of previously
radiation hazards nhlch fafght affect the exposed group. ~

dlstrlbutlon to
of the unexposed
the general
unldentlflcd

Collected data on the unexpused people are sufficient to assess the
effect of residence on Rongelap (since 1957) on longevlty, thyroid neoplasla,
and blood counts. We have done a retrospective analysis of their mmllcaJ
records; 133 of the group are living and 54 are deceased. We have arbitrarily
selected for analysis the fo~lowlng divisions of years of residence on
RongeIapa

Short-tern - <3 y%ars (average, 1.0 years)
Intermediate - * - 14years (average, 7.5 years)
Long-term - >15 years (average, 20.9 years)

The place of residence for ● given year 1s defined as the place where an
fndlvldual received hls medical examtnatlon. Since there is considerable
mlgratlon of t4ar$haJlese among the atolls, the sfte of examination may not
always be the same as the site of resfdence. Overall, however, there should
be a good correlation between the two.
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Mr. Roger Ray
3uly 18, 1985
Page 2

Effects on Lonqevlty

There is no ●violence that prolonged residence
resulted fn ● shortening of life expectancy;

Resfdence Category
Short-term

, Number of Deaths
20

Intermediate 27
Long-term 5+

Total g. ,

● Does not include 2 accidental deaths.

on Rongelap since 1957

Mean age dt Oedth
61.4 years
66.6 years
70.0 years

Averdge 64.9 years

Effects on Thyroid NeopJasfa

There 1S no evidence that prolonged res~dence on Ronaelap since 1957

has

hds
resulted in an increase In thyroid neoplasla. Nine unexp&ed’ persons in the
Comparison group have had surgery for thyro~d nodulest

Number with
Residence Number Nean Age Thyroid Nodules Hunber of
Category of Persons in 1985 (yr) Removed Thyrolfl Cancers
Short-term 58 47.1 4 (7%) 1
Intermediate 46 46.4 3 (7%) o
Long-term “29

Total ~
46.9 1

T

These f!gures apply to the 133 unexposed persons in the Compdrlson groupwho
are living. All of the 9 persons who
al fve.

Effects on CIJood Counts (1985 data)

There is no detectable ●ffect of

had thyroid nodulesremovedare still

residenceon RongeJap on blood counts~

Residence Number Neutrophlls/ul Lymphocytes/u] Platelets/uIx103
Cateqory Tested *SD ●so *SO
Short-term 24 4851s2089 2754$1W6 279*111

Intermediate 40 3838a 992 2835* 908 292* 59
Long-term 26 4366*1551 2612$ 787 262* 51

A test of equallty of means showed no statistically slgnlflcant differences
among the three categories. Note that the number of blood tests performed
(90) is less than the nlmber of persons in the Comparison group. This 1s
because not all were seen fn the [larch-AprlI$ 198S, survey.
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Hr. Roger Ray
3uJy 18, 1985
Page 3

We have also considered thyroid nodules and current blood cell counts as
they may relate to early residence on Rongelap, since a greater radiation risk
would have existed during the early years after the 1954 fallout. Thirty-four
persons in the Comparison group resided hRongelap for 4-6 years comencing
with the return to the atojj in 1957. Only 1 aodule~ an “occult carclnoma”~s
has occurred in this subgroup (3.0%), w@reas the other 8 nodules, inc]udlng
the two true thyroid carcinomas, occurred h the other 99 persons in the
Comparison group (8.1%). There was also no difference In blood ceJl counts:

,.

line of Number Neutrophils/ul Lymphocytes/ul PlateJets/uJx103
Residence Tested (1985) M.) *SD *W
larly 29 4032*1543 2713$836 267k57

Late 77 4349*1599 2756*951 244*8O

If you wish us to ●xamine any other parameters do not hesitate to ask.

Sincerely yours,

WlllfamH. Adams, H.U.

WA/elr

.
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TABLE lf.4B #l THYROIDDOSEFRO?!INDIVIDUALRADIONUCLIDES
IN FALLOUTTO THE ADULTNALl!‘b

---------------------------- ----------------------- ---------------------

Source Half-1ife #er centphysical Dose
decayin 3 weeks rads

Internalexnosure

Iodine-135 ,6.6h 100% 190 rad

Iodine-134 53.2min 100% 3

Iodine-133 21 h 100* 550

Iodine-132 2.3h 100% 7

Iodine-131 8.04d 84% 130

Tellurium-131 30 h + 8.04d 79% 120

Tellurium-131m25 min + 8.04d 84% 13

Externalexposure 190

Total’dose 1203

---------------------------------------------------------------------

“/ Lessardet al, (1985)

bj Exposureto thefallouton Rongelap Islandoccurredfor about 45

hours. The falloutfellforabout7 hours.
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N-5. . -
The sequenceof safetyrecommendations●nd guides has run as follows.

(a) In 1954 the National Bureauof Standards Handbook 59 presented
therecommendationsof theNCRP. The maximumpermissibledose to the
bonemarrow(andhenceto the entir~body)was 0.3 rem per week.

(b) In January,1957,thewhole-bodydosefor thegeneral
populationwas lowered to .5 rem per year by the NCRP. Thiswas
publishedas ●n insertintothe Bureau’sHandbook59. The AEC also
publishedthisandotherrecommendationsin Appendix10,p. 400 of its
22ndSemiannualReportto the Congress.

(c) In 1960,theFederalRadiationCouncildefinedtwoguidesfor
the general population. (Federal Register, Hay 22, 1965, PP. 6953-55)

The “radiationprotectionguide”for thegeneralpopulationunder
normalcircumstanceswas .170rem per year.

The “protectiveactionguide(category3)”was definedto coverthe
long-termharmby cesium-137and strontium-90●ctingthroughthe foodweb
after the firstyearof a contaminatingevent. The FRC recognizedthe
greatdiversityof suchsituations.It concludedthatprotectiveaction
mustbe determinedon a case-by-casebasiswhenthe annualdoseto the
bonemarrowafterthe firstyearwouldexceed0.5 ren to individualsor
0.2 rem to a suitablesampleof the population.

[Suchan evaluationinvolvescost-benefitanalysis.Supposethat
theexcessbone-marrowdoseovera 10-yearperiodis estimatedto be 15$.
Wouldthisbe sufficientto warranta populationgivingup theuse of its
homesand land? Obviously,the excessdosewouldbe trivialfromthe
pointof viewof harm,whereasthepersonallossmeasuredin termsof
socialvalueswouldbe considerable.To ●mphasizetheneedforjudgement
of thiskind, theFederalRadiationCouncilinstitutedtheterm
protectiveactionauide ratherthanstandard.]

(d) In 1979, ICRPPublication30 subsequentlymodifiedfor the
transuranicsin Publication48, 1986,providedannuallimitsfor the
intakeof radionuclidesby workers. Dividedby 30, they●re equalto a
committedeffectivedimeequivalentper yearof .170rem.

[(e) Dr. AlanRichardsonof EPA (Guides & Criteria Branch) has
informed me (2/8/89) that representatives of EPA,theFood& Drug
Administration and theDepartment
possiblerevisionsin thegeneral
publicdiscussionshouldbe ready

50001M

of Agriculturehavebegunto discuss
populationguides,●nd thata paperfor
sometimenextwinter.]
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N-6
For the nonprofessional

the specific radiological
reader, the following is ●n explanationof
meaningof the terms, exposure ●nd ~.

Verysimply,themedicalanalogywouldbe this. A patienttakes a
spoonfulof heartmedicine-- r~diologicallyconsidered,thatis his
exposure.

Of theswallowedmedicine, three-quarters●re eliminatedbut
one-quarterpassesfromthe intestineintothe circulationand is
absorbedby the heart -- that one-quarter is the dose. It would be
expressed~ ~ of bearttissue..— —

For ●xposureto radiationper se, the unitis the roentgen(R),
measuredin air, For radionuclides(atoms which spontaneously decay
and emit radiation), the unitsare thebequerel(Bq),equalto 1
atomicdisintegrationper secoffd,or the curie (Ci), 3.7 x 10 10
disintegrationsper second. The microcurie(yCi)●nd the picocurie
(pCi) are respectively 1 millionthof ● curie,●nd 1 millionthof a
microcurie(27pCi equal1 Bq).

The unitsof ~ are therad (for any type of ionizing
radiation:100ergs ●bsorbed per gramof tissue);and the rem (dose
equivalentin biologicaleffectto 1 rad of standard radiation).The
particularpointto remember●boutradiationdoseis thatit is ~
~ of tissue.A whole-bodydoseof 100 rad●eansthateverygram .
(onaverage)received100 rad; it doesnotmean that the entire
bodyreceived100 rad to be distributedthroughoutthe tissues.

Bothexposureand dose are referredto ●s resultingfrom
externalor internalsources.An externalexposureor externaldose
is theresultof a radiationsourceoutsideof the body, e.g.,
fallout-contaminatedsoil. An internaldosewouldresultfrom a
sourceinsideof thebody,e.g.,radioactive iodinedue to the use
of fallout-contaminateddrinkingwater.

In thecaseof radionuclides,we shalluse the term“whole-body
dose”in the technicalsenseof “committed●ffectivedose
equivalent”. Committed-means the dose deliveredto the body over
thenext50 yearsfrom the amountof rsdionuelideunderdiscussion
(e.g.,the●mountX eat today). Zffectivesignifiescorresponding
to whole-bodyexposure (e.g., 1 rem to the ●ntire lungs corresponds
to .12remwhole-body).~ equivalentin rem signifiesthat
whateverkindof radiationis beingused, its dose in rem gives the
same●ffect●s thatof any other type of radiation ●xpressed in rem.

The “tissue dose*’ is the committed dose equivalent.

[Theradiationguides,couchedin termsof rem, ●re given
in Note5.]
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N-7 The external gamma-ray exposures of Table4.1 #1 affect●ll of
the tissuesof thebody. In addition,betarays (cesium-137●nd
strontium-90)emanatefroa soil, but have only & limited range in
air ●nd very poor penetration into the body; they might ●ffect the
body’s surface in those regions which ●re closest to or ●re ●ctually
touchingthe ground. Shoes and clothingprovidecompleteor ●lmost
complete protection.

External beta-ray dose is considered to be unimportant on the
basis of the following. For gamm# rays, the Rongelap Island/Eneu
Island external-doseratio is 1.7- (Table 4.1 tl. The beta-ray dose
ratio ●t .007 mmdepth (basal cell layer,skin)should be
approximatelythesame. Therefore,by extrapolationfromthe
determinationsat Eneu (Singleton ●t ●l, 1987) the Rongelap
basal-celldosewouldbe 46 mremly, ●nd at 1 cm depthpractically
zero (ICRP51,Table26). Sincethe radiationprotectionguidefor
skinis 5 rem/y(NCRP 1987b),the skindoseis a trivialone.
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N-8

Diet. The major uncertaintyin estimatingthe doseis the
diet7 no oneknowspreciselywhat it is. two effortshave been
madeto delineateit. The firstbyNaidu et ●l (1980)(BNLS1313)
was basedon livingexperiencesovertheyearson variousNorthern
MarshalleseAtolls●nd clearlydemonstratedtbeeffects of living
patternson diet. RongelapfellintotheirB class,one in which
there was a low ●vailability of local foods (exceptingfish),
overpopulation, ●nd a good supply,of imported foods {supply boat
comesin regularly, say, every three weeks). Naiduet ●l reported
thequantitiesof foodprepared,but●mphasizedthat they did not
know bow muchwas eaten. In ●ny event,Robison●nd DOE-1982used
this●stimate●s the maximum,level of consumption for a population.

The HLSCdietwas elaboratedby H. Pritchardof theMicronesia
LegalServicesCorporationin 1979whenbe visitedthe Enewetak
peoplefor 2.5weeks[thenon UjilangAtoll](Robisonet al, 1982a).
His diets assumed that thesupplyshipcameregularly,makingit
possibleforthepeopleto eat relativelylargeamountsof imported
foods (rice, flour,sugar,cannedgoods, etc.), or that the ship did
not come at all. Robisonselectedtheadultfemale subgroupof the
populationfor calculation becauseitsconsumptionwas greatest.
DOE-1982 took this calculation for the minimal level of
contaminated-food consumption [in certain calculations].

For the MLSCdiet (supply ship on schedule) it bas been found
that cesium-137 accounts for about 958 of thewhole-bodydoseand
85*of the bonemarrowdose. Strontium-90accountsfor 5$ and 15%,
respectively,and the transuranicsforlessthan18 duringthe first
70 years. Uhenthe supplyshipis on schedule,coconut●ccountsfor
80%or so of theradionuclideintake.

In summary,then,DOE-1982usedtheNaidutypeB commu,unity
diet for itsdosecalculations.Whenit wishedto indicate● range,
it usedboththetypeB community(high)and thelfLSCdiet (low).
Tbe dietsaregivenin TableN-8 #l.

One ●dditionalfact●boutthe preparationof fish. The skin and
bones of fish may have 50-100 times tbe strontium-90 specific
●ctivityof themeat. Also, tbe contents of tbe intestinal tract
may be high. Uhat is the effect of ●ll this on dosage? First,
Noshkinet al (1981)foundtbe strontium-90specific●ctivitiesof
all tissuesto be below1 SCi/g. Robisonet S1 (Personal
communication,1988),have confirmed this for mullet caught off the
reef of Bikini Island (contamination levels 5-10 ti-es those ●t
Rongelap Island). Roastsullet and stewed sullet were tested. For
stew, neither tbe ●eat, ner brotb, nor skin ●nd bones exceeded .01
pCi per gram (Table N 8.* 2). The cooking was dose by
in the customaryway (theintestineswerediscarded).

lfarsballese
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TABLE N- 8 xl DAILY FOODCONSUMPTION-- TWO DIETS a’

CommunityB MLSC Diet

Food . (adult) (adultfemale)

grams/day gramslday

Arrowroot o 3.9

Breadfruit 36 27.2

Banana 19 0.02

Coconut *

Drinkingmeat 100 --

Drinkingfluid 514 .-
Copra 68 -.
Milk 12s -.
Sprouting 100 ..

Coconut“fluid” .. 142
Coconut“meat” .. 63.3

Papaya o 6.6

Pumpkin o 1.2

Pandanus 96 9.2

Fish 194 41.s

Eggs -. 10.7 .

Poultry 3 .-

h’ildbirds 9 4.2

Domesticmeat -. 21.2

Pork 1.4 ..

Clams 1s 8.9

Crabs 0. 3.1

octopus 20 4.s

Turtle .1 4.3

Snails 12 ..

Coconutcrab 1 -.

Lobster .14 .-

Shellfish -. 5.1

Total 1313.64 3S6.92

a/ Importedfoods●re not incIudedin the lists. The data ●re from
Tables4 and 11 in Robison et al, UCRL S2853 (1982b). Imported
staples include rice (especially), sugar, flour, canned meat,
canned drink~, and baby foods.

5UHN12
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TABLE N-8 #2

STRONTI~-SODISTRIB~ION IN HULLET; ?RESE,ROASTED,
ANDAS A STEU’l

Strontium-90t pCi/g wet weight

Roast ●ullet Mulletsteu Freshmulletbl

Muscle(meat) 9.5 E-4 -- 5.2 E-4
ti

Bones 5.4E-2 4.2 E-2 1.8 E-2

DupliCattbones 6.0E-2 -. .-

Skin 8.0E-2 -- 2.7 E-2

Broth 4.5 E-4 ----

Skin+ ●eat 1.8g-3 ----

●l The tablewas suppliedby Dr.W. L. Robisonof the LawrenceLivermore

NationalLaboratory.

b/ FromV. Noshkinet al,UCID-20754,1986!“Concentrationsof

Radionuclidesin FishCollectedfromBikiniAtollbetween1977●nd 1984”.

-...

. .
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N-9
To determinewhetheror not thedeterminationof specific●ctivity

of soiland plantsmadeby theLivermoreLaboratorywas, ●nalytically
correct,a fieldtriptookplacein December 1987 duringwhichsamples
were collectedat 7 locationsrunning the length of Rongelap Island ●nd
on 3 islandsof Ailinginae Atoll. The samples were collected under the
supervision of Dr. H. Paretzke by Livermore technicians and Rongelapmen.
Senator Anjain ●nd other Rongelap citizens were present. The-results
show that the Livermoretechniqueis ●n ●cceptableone.

At each location,the external expgtsure rate was measured= The mean
for sevenlocationson Rongelap[Island]was 3.4 (2.2-4.6) ~Rh.
Corrected back to 1978, it becomes 4.3 pR/h, in ●xcellent ●greementwith
previousdeterminations(Table 4.1 ill).

The samplesof soilandvegetationwerefrozenand shippedbackto
the LivermoreLaboratorywheretheyweredividedso thatone-halfof each
was sentto Dr. Paretzke in Neuherberg (Munich), the other being retained
for analyses in this county by Dr. Robison(Livermore)andDr.Kohn
(Berkeley). Dr. Paretzkesharedhis sampleswithDr. Boikat (Bremen).

Each laboratory prepared its own material for analysis and then
analyzed it without knowledge of the results fromelsewhere.

In general, the various laboratory results agreed well with one
another for field sampling (TableN 9# 1-4).

The radionuclide levels on AilinginaeAtollwerefoundto be no more
thanone-thirdthoseon RongelapIsland.

Among the radionuclides themselves, the extremely low levels of the
transuranics in vegetation and meat compared to soil demonstrate the
operation of biological selectionagainsttheseelements(5,000to
10,000-fold).Thiseffectis amplifiedby furthernegativeselectionin
the gut; absorptionin adultsis about 0.18 compared to 100% for cesium.
Duringthe firstmonthof life,however,absorptionfromthegutmightbe
10 to 100 timesgreaterthanin adults.

The radionuclide levels are also in general agreement with the most
recent summary of the Lawrence Livermore Laboratory (Table 4.2 #2).

Thesecomparisonsareof morethanroutineimportance,sincemany
Rongelappeoplehave stated that DOE laboratoryresultscannotbe trusted
and thatthe DOE scientistsare liars.
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TABLEN-9 41

CESIUH-137 COMPARISONS(1987)

Island 8/ LLNL bj P&Bc/
Item

(No. samples)

# pCi/g pCi/g

Drinking
coconut meat

Drinking
coconut juice

Soil: 0-10 CiQ

10-20 Cz

Lime meat

coconut crab
muscle

Breadfruit

Arrowroot

pandanus

pig muscle

A (3) “
R (6)

A (3)
R (6)

A (3)
R (7)

A (1)
R (1)

R (2)

A (2)

R (1)

R (1)

R (1) “

R (1)

.47
4.5

.22
1.25

3.31
11.5

.48
1.30

2.2

1.09

3.8

17.1

21.3

14.7

.60
3.4

.19
1.45

2.43
8.7

.30

.97

1.9

“.96

4.38

20.7

26.2

13.9

R (1) 6.2 6.3
Chicken muscle

k

● f A is Ailinginae, R is Rongelap [Island].

bf Lawrence Livermore NationalLaboratory

c/ Dr. Paretzke (Munich)and Dr.Boikat (Bremen)

6/ 1 each from ?logiri, Enibuk ●nd Gerea-Knox

~
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TABLE N-9 #2

STRONTIUX-90COMPARISONS(1987)

Item Island P&B~/ BIK b,
(No.s-pies) #

pCi/g pCi/g

Drinking
coconut meat R (1) .00s4 .0061

Breadfruit meat R (1) .035 .052

Soil:0-10cm R (1) 6.2 10.1

Arrowroot R (1) .068 .076

Coconut crab
muscle A (1) .35

‘i Dr. Paretzke(Munich)and Dr. Boikat (Bremen)
bt Dr. Kohn (Berkeley)
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TABLE N-9 #3
PLUTONIUN-239,-240 COMPARISONS(1987)

Item Island P&B’/ HIK bl
(No.samples)

pCi/g pCi/g
Drinking

coconut meat R (2) .000016 .000069

~ < .0032

Soil: 0-10 cm R (1) 2.46 7.7

Arrowroot R (1) .0046 .00065

Breadfruitmeat R (1) .000018

Pigmuscle R (1) .00001

Chicken muscle R (1) .00011

TABLEN-9 #4
ANERICIUN-241CO?IPARISONS(1987)

Item Island LLNL C,6/ P&B~~ EIR “1
(No.samples)

pCilg pCi/g pCi/g

Drinking
coconut meat

Soil: 0-10 cm

10-20cm

Breadfruit

Arrowroot

Pandanus

A (2)
R (6)

A (3)
R (7)

A (1)
R (1)

R (1)

R (1)

R (1)

.00002

.00005

0.69 < .33 .61
1.43 1.19 1.54

.19 ( .12 .19

.074 < .11 .076
i

.000013

.00038

.000025

‘~ Dr.Paretzke (Hunich), and Dr. Boikat (Bremen)
b/ Dr. Kohn (Berkeley)
c1 Lawrence Livermore National Laboratory
~~ Gammacounting.
“~ Alpha counting

Sooobll
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N-10
INHALATIONDOSE

The inhalationof dustcanvarytremendouslydependingon ●ctivity.
On BikiniIslandploughing●n openfieldin thedry seasonwould
represent the high end of the spectrum; resting quietly ●t hone or
sailing on the lagoon would be near the low end. Robison (Ref. UCRL
53805, p. 9) has revisedhis earlier~xcessiveestimatebasedon 5 hours
per day of ploughing.As an average-now throughout the year, he takes 1
hour per day plus 23 hours under normal conditions, resulting in a daily
intake ●t Bikini of .017 pCi of plutonium-239,-240 ●nd .0071 pCild of
americium-241, totalling .024 pCi/d.

To obtain the Rongelap dose, it was ●ssumed that the distribution of
particle sizes and of radionuclides was practically the same on Bikini
and Rongelap Islands. Therefore, the inhalation dose on Rongelap would
be to that on Bikini as the transuranic specafic activity of Rongelap
soil (O-5 cm) was to that of Bikini Island. The plutoniumlevelon
Rongelapwas 298 of that on Bikini, and the ●mericium level 12$ (Robison
1982a, pp. 8, 12, 44, 56; 1982b,pp. 12, 14, 47,B1O,B13).

The dailytransuranicexposuresforadultson Rongelapwere
therefore:

plutonium-239,-240, 29$ of .017 pCi = .005 pCi/d
americium-241, 12% of .00071 pCi= .0009~Ci/d

Total .006 pCi/d

.Theadult30-yearinhalationdosesare estimatedto be
(Table4.2 #lB):

Tissue Plutonium-239,-240 Americium-241
(rem)

Whole-body .023

Red marrow .035

Bonesurfaces .004

For the infant (to be on the safe side) we
be the same as for an adult. Therefore, taking
transuranic exposure as -.006 pCi/d, we find the
first year to be (Table 4.4 ?1):

(rem)

.004

.006

.0007

haveassumed●xposureto
thetotaldaily
whole-bodydosefor the

5000b18
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N-n
BROOKHAVENRESULTS - Cesium-137 and Strontium-90

The whole-body counter measures the quantity and the energyof
thegammarayphotonsthathavebeenemitted by cesium-137,or other
radionuclides,●nd thatescape from the body. In principle, the
machine is calibrated by measuring the ●scape of gammarays froma
phantomwhichhas been loaded with the radionuclides in question.
Obviously, the whole-body counter cones closest to giving a direct
measurement of the body-content.

The Brookhaven Laboratory team has visitedRongelapperiodically
sincethe timeof resettlement~in1957in orderto perform
whole-bodycountsforcesium-137,●nd someotherradionuclides,for
whichthe resultsare summarizedin TablesN.11#1 ●nd #2. The
actualdata are shown in Table 1, and the annual estimates of body
burden based on curves fitted to the data of Table 1 are shown in
Table 2. These tables havebeenprovidedthroughthe courtesyof
Dr. E. T. Lessard.

,.

Ii
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TABLE N.11 #l
AVERAGE W!DIONUcLII)E CONTENT AND TIME SINCE

REHABILITATION FOR RONGELAP ADULTS

Adult Hstes (>tsa) Mult raalet (>154) AduIto (>lSQ)
iay ksber Body kber Body Umber Tk Post
Burden of -Burden of 2urdea ●f B8habitstion

m Individual. M Individtulo h Individuslc navs Tear

6~@ 1.1s100
3.7X102
9.3sto~

.4s~ 1.98103
2.98104
1.6s104
2.3CI04
3.sRlo~

$Sr@ l.mo~

90$r 7.OX1OO
1.7s101
4.7XI01
6.3x101
3.OX1O2
2.IX102
2.1X102
7.?XIO1
1.s8102
I.6x102
S.sxlol
l.kxloz
9.6x1OI
3.2X102
I.7X102
2.SXI02
S.?xlol”

137C, S*2X102
2.9X204
2.9xlo~
3.sxlo~
3.sxIo~
1.81110~
l.lxlo~
4.IXIOJ
6.?x103
l.ox!o~
8.9s103
3.91103

(A)
37
6s

4(B)

K
32
36

28

(A)
11
24
9

::
11
12
11
11
9

:

1:
26
25

(A)
36
47
31
bk
22
30

E
29
23
43

6.3x10-~
2.9x102
7.4X101

6.~~;03
1.4xlo~
1.9xlo~
3. lxlo~

l.sxlo~

S.zxloo
1.1X101
2.9x101
2.5X101
108X102
1.9X102
2.0s102
I.6x102
1.2X102
1.3X102
1.SX102
1*2X102
O.7X1O1
2.1X102
S.sxlol

2.::101

3*1X102
1.9X104
l.sxlo~
1.7X104
1.6x104
l.lxlo~
7*OX1O3
S.6X103
7.OX1O3
7.8xlo~
7,OX1O3
3,4s103

9.3XI0-1
3.3s102.
8.18101

l.so~
#f l.sxlo~

2.1X1OL
3.klo3

I.sxlob

6.3X1OO
1.4xlo~
401X101
S.lxlol
2.4x102
1.9XI02
2.1X102
1.3X102
1.3X102
1.SXI02
I:IX!02
1.31102
9.6x1OI
2.5X102
I.SX102

3.::!01

A.1X102
2.7x10&
2.IIIOA
2.SX1O’
2.SX1O’
t.4xlo~
9.3Elo~
6.3x103
6.7x103
9.4X103
8.3X1O;
3*7X1O

(c)
2s

60

18
24
22
24
20
15
12
13

(:

i17:
2d31

J’
w
639

1370

6626

0

6?9
1370
1696
2100
2466
3S61
3927
6292
&6S7
S022
5388
57s3
6118
7s79
80s7

3:
.,:;;

2831
6110
7213
80s7
661s
91s0
9540
9910

19s7
.196
196S

19s7
.19s
19s8
1959
1961

1970

1?s7
1953
19s!
1961
1962
1963
196G
1967
1968
1969
1970
197i
1972
1973
1916
1978
1979

1957
1958
19s3
1961
“196
19?4
1977
19:9
198!
1982
1983
1984

k- lIabm at individual. mt racordd,
8 - )$aasurxd sc Arpmc rnattona~ ~bOr4tO~.
C m n. fexal~c mesmwed.

[This table was supplied by Dr. E. T. Lessard, BrookhaveK National Laboratory)
(1 bequerel = 27 picocuries)
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TABLE N.11 #2

Year *t—-..
mm

3
&
s
b

:
9

10
M
12
13
14
15
16
17
18
19
20
21
22
23
26
25

::
2(I
29
30
31
32
33

::
36
37
38
39
40
41
b2
43
46
45
66
67
48
49
50
S1
$2
s>
56
Ss

Year

1957
1958
19s9
1960
1961
19b2
1963
1944
1Y65
19b6
1967
19b8
1969
1970
1971
1972
1973
197L
197s
1976
1977

BROOKHAVENDLTA FOR INTERNAL DOSE & EXTERNAL EXPOSURE

60C0

19.B
8.35
3.s3
l*b9
0.63
0.27
0.11
0.0s
0.02 3Y

$ongehp Adult Co-ltcod ~ff~eciv. Dose Cqui-alone, (1)

Aversca v~hJC @remitted 2ech Ycst

●rem ,-1 mR/year 2

199
181
164
149
136
123
112
102

*2.b
83.9
76.2
69.2
62.9
57.2
$1.9
47.2
k2~9
38.9
3s.4
32.1

151
33.8
7.S6
1.69
0.38

%

% r
4.32
3.97
3.64
3.36
3.06
2.01
2.5a
2.37
2.17
1.99
1.83
1.68
1.s4
1.41
1.29
1.19
1009
1.00
0.92
0.84

10.9
8.46
6.S1
5.n2
3.8S
2.99
2.31
1.78
1.38
1.06
0.82
0.63
0.49
0.38
0.29
0.22
0.17
0.13
0.10
0.08

290
210
170
140
~?o

100
90
80
73
66
61
56
S2
49
46
&3
41

38
36’
35 ._—--

29.2 0.77 0.06 33

19 78 26.5 /91/ 0.71 4T 0.05 47.b 32 t? 02
1979 24.1 0.6S 0.04 30

0.60 0.03 z, milli
1960 21.9
19s1 19.9 0.55 0.02 28
1982 19.1 0.50 0.02 27

1983 16.4 0.46 001 25
1984 14.9 0.42 0.01 25
1985 13.s 0.39 .IY 2L
l~sb 12.3 0.36 23
198: 11.2 0.33 23
19?5 10.2 0.30 22

1989 9.22 0.28 21
1999 8038 0.25 21
1991 7.61 0.23 20
1992 6.92 . 0.21 19
1993 6.28 0.20 19
199L 5.71 0.18 18
1995 5.19 0.16 la
1995 4.71 0.15 17
1997 4.28 o.1~ 17
1998 3.89 0.13 16
1999 3.53 0.12 16
2000 3.21 0.11 15
2001 2.92 0.10 15
2902 2.65 k 0.09 1s
2G03 2.61 0.08 16
2oo~ 2.19 0.08 14
“2005 1*99 0.07 lb
2006 . 1.80 ?.06 lb
2007 1.64 0.06

4 008 1.49 2K 7 :: +/0
2009 1.35 0.05 13 milli

1 Multiply by 10 ‘5 to convert to Sv.

z Multiply byOoT to obtain mrem (whole-body).

S til~ 9 ~3+~2 . 3535
~mm = m+ Uo = 662



Note 12
PLUTONIUMANALYSIS

In the caseof radionuclidesthat●mit betarays(strontium-90)or
alphaparticles(transuranics),●nd whoserangein tissueis St mosta
centimeterdownto somemicrometers, two methods have been used for
assay.

(a) Knowing the daily urinary ●xcretion,thebody contentof
radionuclideia calculated from knowledgeof its●etabolism.The method
has worked for strontium-90 (e.g., 3 Rongelapcasesat ●utopsyconfirmed
urinaryanalysis{Ref.Conard1980,Appendix,p..ll5), but not so far
with plutonium whereextremelysmall quantities ●re involved.

(b) The dose can ●lso be calculatedfrom the diet. Theprimary
obstaclehere is thatthedietis difficultto ascertain●ccurately.The
Livermoreresultsare based on this method.

For Rongelap,diet●nd urinemethods●re in frankdisagreement.The
Livermoredietmethodfinds thedailyintake of [transuranics] to be
about0.4 pCi/d (Section4.2; plutonium-239is ●bout 50% of the
transuranicmixtures).

On the otherhand,the current●nalysisof urine●t Brookhavengives
plutonium-239excretionvalueswhichrangefromlessthan1 x 10-Sto
about5 x 10 ‘~ pCi/d. Thesecorrespondto a rangeof intakefromless
than .07pCi/dto about38 pCi/day.

The doses(30-year,whole-body)calculatedfromtheseestimatesfor
plutonium-239are as follows:

Liver-more: [.008 rem]

Brookhaven:.003rem - 1.48rem

The totaldosefor the threetransuranics(twoplutoniumplusamericium)
would be twice these fi@res.

The problemsimplicitin thiscomparisonrequiresome detailed
discussion.

Brookhavenresults. Historically,we may beginwithConard’s
twenty-yearRongelapreview of 1975 (Ref. BNL 50424)in whichthe results
of urineanalysisfor 10 Rongelappersonswerereported(Appendix12,
p. 147). One resultseemedmuchtoo high; the averageof theothernine
was 58 x 10-3 pci/liter/d, twice the maximumfoundin the currentseries.
Conarddid not discussthisresult,but it was reviewedby ●n ●d boc
group whichsuggestedcontaminationas a likelycauseof thehighvslues
(Lessard1984).

Urineswere againcollectedon ● much larger scale in 1981. The -
PARALSmethod was applied, but ●bandonedowingto inherentcontamination
withpolonium.The fissiontrackmethodwas thenadopted ●nd ● methodto
separateplutoniumfor such●nalysisworkedout. It shouldbe recognized
that the very small quantities of plutonium involved make the operation
of the method a verydifficult task (ORMJ, 1987). The cost per sample is
about S1,000.

,

76—



,.

1>;
,...

Some 270 samples of urinehave beenanalyzed. Owing to a

reorganization at Brookhaven, the work for this project was stopped (no
funds), and the results were neither tabulated nor analyzed. For the
Rongelap Preliminary Report of April 26, 1988, the Brookhaven Laboratory
gave Dr. Lessard, the former manager of the program, two days of free
time and he reported on some details.

Since then, starting in June a summer student, Mr. George Taylor,*
has been extracting data from the notebooks and should be able to
tabulate a summary by the end of summer. Meanwhile, Mr. Taylor has sent
me some results for the first104 cases,whichare displayedin Table
N.12 #1.

(a) As noted above, the range o~excretion is very large -- from
less than 1 x 10-~ pCi/d to 5 x 10-3 pCi/d. The significance of this
range is not known.

(b) The distribution of the data appears to be logarithmic and
bimodal. Thus it may be suggested that two populations are at risk. The
populations might differ physiologically (one absorbs transuranics much
more readily than the other); environmentally (diet, contamination of
samples); or technically (a change in technique or technician). Of
these, contamination might be the most likely; it is very difficult to
collect good urine samples in the llarshalls. But any or all of these
variables may

(c) The
these factors

(d) The
rate than the

have played a role.

results are not primarily dependent on sex or agsr although
may play a role.

youngest group appears to have a somewhat higher excretion
oldest one, at least in males. This could be due to a more

rapid ?cetabolic turnover of the radionuclides. Tritium and iodine, for
example, have half-residence times in infants of 3 days and 30 days
respectively, but in adults 10 days and 100 days (Hoenes, et al 1977).
The long-term compartments of plutonium have an average half-time in the
body of about 35 years, which could be much less in infants and children.
The higher outputs of the children might therefore represent faster
~etabolism rather than greater intake.

Although the arithmetic in the foregoing calculations may be
correct, we may ask, “Are they consistent with what we know?” AS a

matter of judgment, I think the answer is, “No.”. The maximum urinary
output of plutonium-239 correspon@ to 76 pCi/d input for the three
transuranic elements. Looking over the data in Table 4.2 #1, it is
difficult to see how anyone could eat sufficient food to accomplish this.
Clams have the highest specific activity of the transuranics -- 131 x
10-4 pCi/g -- a specific activity that is about 50 times greater than the
nearest competitor. One would therefore have to eat 5.8 kilograms per

. day, every day in the year, to satisfy the predictions of the Brookhaven
analyses.

[’ Department of Nuclear Engineering, Texas A & M College of Engineering,
College Station, Texas 77843. c/o Prof. John Poston.]

50001183
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Dose calculations.The MOSS (Hess1988)factorsin Table N.12 t2,
supplied through the courtesy of Dr. E. T. Lesssrd of Brookhaven, permit
the calculationof plutonium-239oral intake from urinary ●xcretion, or
vice versa. The factors vary ●bout 3-fold in the presetit case where the
periods of ●xposure ●re from ●bout 5 to 25 years.

Of the 104 cases in Table N.12 # 1, ●ll had lived on Rongelap since
birth or for ●t letst 7 ye~rs with four ●xceptions. One other exception
was the case of ● 12 year-old female who first ●rrived in 1980; her
output of 2.34 [x 10-~] pCi/d was practically identicalto thatof an 11
year-old(2.18 [x 10-~]pCi/d)who had”always lived on the island.

For orientation, let us use a factor of 1.5 x 10-4, corresponding to
●bout 7 years of plutoniun ●xposure. Thenfor themaximumurinary
output, the intake would be 38 pCi/d [ (5 x 10-~) / (1.5 x 10-4) ].

The corresponding[maximum]whole-bodydose (30year) would be 1.5
rem for plutoniu~-239, and 3 rem for the three transuranics. (The
corresponding Livermore dietestimate would be .014 rem.) Threerem of
course,is relativelya sizabledose. However,it is of interestthat
when combined with the rest of the Brookhaven ●stimates, the total dose
of [4] rem does not exceed the 5 rem limit. For exposure from birthto
age 30 years,the [estimatedplutoniumaaximum]dosewouldbe 1.63tiaes
greater[or4.9 rem], (Table4.4 #l). [I●mphasize again, however, that
themaximurctransuranicestimateis an unrealisticone.]
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TABLEN.12 #l

RC?WZAP:PWKNTW239URDLARYWXTXW(1981)Sobj

Age No. Below 1-9 1-9 1-5
detdible x 1V5 x 1V4 x 10-3

limit @S/d pciid @/d

M&ll

5-loy 24 6 (25$)
$

17 (71%) 1

10-20y 27 9 (33$) 7 (25$) 9 (33%) 2

21+ y 17 12 (71$) 1 3 (18%) 1

TY1’AL
68 (103$) 27 (4W 8 (12%) 29 (43%) 4 (W

Fades

S-loy 9 2 (22%) 4 (44%) 3 (33$)

lo-2oy 10 4 (40%) 5 (50%) 1 (1W

21+y 17 8 (47%) 1 6 (35%) 2 (18%)

36 (1OC%)14 (3S%) 1 (3$) 15 (42%) 6 (17%)

‘IwrAK’ 104”(1OO%)[41](40%) 9 (9%) 44(a) tlo](94)

●’ 1981mllectia,deteminedlyfbsicm track metbcdat Brookbaven Wimal Mmmcry.
Allmbjects kdkenin mtixnmeraaidmce (cr~ically ao)fortbeirlifespenor
formretban7ycars.lhe*w121mwrestdudk3 to700mlfcralJeloaDdbelcu;
1 literfw fties abve10;1.2litersforties10-16,ad 1.4Iitm f= ties~
16(perday). #
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TABLE N.12 #2

PLUTONIUX-239: FRACTION0? ORALDAILYINTAKEEXCRBTXDIN URINE●!bl

It is ●ssumed that the daily intake im constent
over theperiodspecified.?t = .001[absorbedfromgutJ.

}uration of exposure Jones BOSS
(years) (old) (new) .

#
1 3.62 X 10-s 5.42 X 10-~

5 6.2 x 10-s .-

10 8.61 X 10-s 1.71 x 10-4

20 1.31 x 10-4 2.3 x 10-4

29 1.67 X 10-4 2.92 X 10-4

● l The table’s data were suppliedby Dr. B. t. Lessardof the Ilrookhaven
NationalLaboratory.I haveused the Ifoss ftctors(Moss,1988).

~1 The intake can be calculatedby dividingtheurinaryexcretionby the
factorsgiven. For example,after 20 yearsof intake,thedaily
excretionis found to be 3 x 10-~ picocuries. Then the intake is:
(3 x 10-6)/2.3 x 10-4= .13picocuries/day.

80.
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[This page has been added tp the reprinting of the Report to show that
the Jones factors from England and the Itfoss factors from Los Alamos are
within approximately a factor of two of the Leggett &’E6kem’an factors
from Oak Ridge; see page 80.]

OAK RIDGE NATIONAL lABORATORY POST OFFICE BOX.2008

OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS. INC
OAK RIDGE. TENNESSEE 3783I

FOR THE U S DEPARTMENT OF ENERGY

May 24, 1990

Dr.Henryl.Kohn
1203ShattuckAve.
Berkeley,Ca 94709

Dear Henry: ‘
<

Pleasefindtabulatedbelowtheurinalyexcretionrates(d-l)perunitintakerate(d-l)for
continuousingestionofPu. ForexamplethevaluesrepresentthepCi/dexcretedinurine
perpCi/dingested.The excretionratesarebasedon thesolubleform(f,= 10-3)andthe
urinaryexcretionfunctiontabulatedbyLeggettandEckerman(~ealt/zPhys.52,3,337-346
19t17j.Thisexcretionfunctioninconsistentwithallsourceofinformationon Pu excretion.

T

UrinaryExcretionRate(d-])
perunitrateofingestion(d-’)

Time (y) Excretionrate

1 2.23X 10-5

2 2,88x 105

5 4.62X 10-5

10 7.05 x 10-5

15 1.02x 104

20 1.30x 104

25 1.57x 104

30 1.6sx 104

Ifyouhaveany questions pIease give m% a call.

Sine ely

&
Keith F. Eckerman
Group Leader,
Metabolism and Dosimetry Research Group

KFE:rnv
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NOTE13. PEACECORPS

Throughtheessentialhelpof Hr. Jack tlaykoski (Peace Corps
Headquarters, P.O.Box 5, Ifajuro,MarshallIslands96960)andMr. Peter
Oliver,Special Assistant for Compact Affairs of the Government
(P.O. Box 15,?tajuro96960),● number of Volunteers●re makingdiet
surveysof theirislands.The study is still in progress, but some
results have been reported●t thistimeforinclusionin thisreport by:
Mike Flaherty, Buoj Island, Ailinglaplap Atoll; Judi iSinshaw, UOja
Island, Ailinglaplap Atoll; Hali Robinette, Ine Island,Arno Atoll,
Serena Ueihl, Kayen Island, Maloelap Atoll; Ellen Opie, Uotje Island,
UotjeAtoll.

The Volunteershavestandardi*dmeasuringequipment●nd reporting
sheets. Data are gathered by staying with ● family for one day on two
separate occasions. The task is not ●n easy one, and we are greatly
indebted to these workers for taking on an ●xtra and difficult duty.
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NOTE14
RISK FACTORS

The recent revisions in dosimetry for Japanese boab survivors have
indicated that the risk factor for cancer mortalityof 1 x 10-4shouldbe
raised 2 - 10-fold (Shimizu et al 1987; Preston and Pierce1987). The
Japanese ●xperience, however, was based on high dose, high dose-rate
exposure, whereas the Rongelap experience under discussion is very low
dose and very low dose-rate. The difference in dose-rate involvesa
factordownwardsof 3 - 10-fold,and ●s ● resultthe two changescancel
oneanother. To be on thesafeside,~owever,I havechosento raisethe
oldBEIRfactorfrom1 to 2.5 x 10-~. The matter is presently under
discussion by the United Nations Scientific Committee on the Effects of
Atomic Radiations, which is preparing a report for the International
Committee on Radiation Protection.
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Note 15: Senator Anjain’s letter

I

L

i

. .

f

.,

The letter from Senator Anjain speaks for itself. It should be
compared with the body of the text of the present Report.

I would,however,liketo comment on one point, namelYt mY failure
to transmit Dr. Bertell’s letter to the Congress immediatelyon receiving
it. The reasonwas this: I didnot considerher reportgoodenoughto
be transmittedby me as partof uIywork as Referee.1 may ●dd thatDr.
Bertellhad testified before the Congress●t the April 26, 1988, hearing,
at the invitationof SenatorAnjain.

ti
Her letter (as did her testimony)dealtwith two major topics.

First, an attemptto showthatsomehow living on Rongelap per se ●ffected
the bloodcellcounts. I enclosemy letterto Dr. ?fuckle, ● pathologist
she consulted about this work. Dr. Uuckle●greedthatwhen●ll of the
data were reviei?ed, no tangible results were evident.

Second, the survey of child healthledto suggestionsthatsomething
was radicallywrongand thatradiationwouldbe thepresumptivecause,
owingto currentlylivingon Rongelap.I do notconsiderthe data
convincing. No mention is made of the usual levels of infant and child
healthin theMarshalls,and how difficultit wouldbe ●gainstsucha
backgroundto establishradiation●s a cause. On this score I quote from
the Report of the Task Forceon Health(December17,1985),chairedby
Hrs. Carmen Bigler, Reptlar Secretary of Interior ●nd OuterIsland
Affairs:

“The task forcebelievesthatthecentralproblemfacingthe
healthcaresystemis a reversalof priorities;...an●ppropriate
medicalsystemmustprovidefirstthe essentialsof healththrough
publichealtheducation,immunization,cleanwater,sanitation,
familyplanning,community-baseddispensarysystem,●nd infectious
diseasecontrol.”

For morespecificinformation,I suggestreading“CurrentLiving
Conditions of Children in the Xarshall Islands”, ● Report of general
informationfor sub~ission to UNICEF, Republic of the Marshall I,slandst
June 1984.

[Inthiscorrectededitionone other ●atter should not be passed
over. I wishto commentspecificallyon theaccusationsrelatingto W.
Dunster,madein the letter, pages86 ●nd 87,basedon statementsmade
by theEnvironmentalPolicyInstit4Ste(EPI)of Washington,D.C. EpI
statedthatDunsterSS HealthPhysicsManagerof the Uindscalereactorin
1957collaboratedwithcolleaguesin theU. K. AtomicMsergyAuthorityto
withholdcriticalinformationfrom the public regarding that ●ccident.
However,Hr. Dunster●tteststhat (a)he never held such ● post ●t
Uirtdscale;(b)●t the time of the sccident he worked ●t Risley,150
miles distant; (c) he had nothing to do with the officialreportby the
(now) LordPenney; (d) he was surprised 20years later to learn that
criticalinformationhad been withheld by order of the Prime Minister.
?lorethanfive●onthshave ●lapsed since I wroteto EPI ●nd to Senator
Anjain●bouttheirfalsestatements, but neither one has ●cknowledged
receipt of my letter.]

. Sootwlo



RONGEIAP ATOLL LOCAL GOVERNMENT
Republic of the Marshall Islands

SenalofJetonAn@in MAJUROOFFICE:
Mayor Willie Mwekto P.o. Box 100S

Mapm, Mafslull Islam %960

‘II,-- Tdaphone: 3285

Juno 27, 1988 “

Henry 1. Xohn, X.D.
Romgalap Roassossrncmt
1203 8hattucX AVOEU8
B.rk.l.yt CA 94709

Dear Dr. Xohn:

*
Proj●ct

On April 2S, Mayor Xwokto and I wroto you regarding th.
Rongolap Roass@ssmmt Projoct PreliminaryStudy saying you had
performed Q*agreat servico on bahalf~~the Rongelap pooplo.
Today, I write you with 8 very differentmessage. The manner in
which this study is now being conducted is unacceptable. This
study with ●ach passing day, has less and less credibilityin our
eyes.

Congress mandated this study to be fidenendent. we asked
Congress for a review of DOEIS 1982 Radiation Study --
independent of DOB -- and the Compact sets forth the terms and
conditions of that l~independent$~review. Based on ● review of
actions of tho ~IXohn(independent)Study~~ taken to date, Lt is
now ●violentthat th. Ilindependenceccof this study has been
compromised.

Since the hearing before the AppropriationsCommittee in
late April, this study has been changed. Itcs tone and direction
havo been ●ltered. Itts purposo now appears to be different than
it was when the study wa8 initiated.

X am writing you ●t this time in the hopes that actions can
still b~ taken to restore credibilityand integrity to this vital
report.

Ia 1984, X and others testifiedboforc Congressman
Seiberling regarding the 1982 DOB report and the general
circumstances on RongelepAtoll. 6ub4seguently,’Imet privately
with tb~ Chairman to discuss the matter. Seiberling recognized
that something must be ‘done.

Congress mandated tho independentstudy in section lo3(i) of
the Compact. A statementregarding the pumose of the study is
found in Public Law 99-239 which says, in part:
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Becausa Rongelap was directly affoctod by
fallout from a 19s4 Uaftad States
thormonualcarteat ●nd bocauao tho Rongolap
pooplo xomaia unconvinced that is safo to
aontiauo to live en Roagolap Island, ~t is
th. ~ntont of Congrosa to tako suuh stops (if
any) ●s say b. aooossary to ovoroomo tho
.ff.ot8 of aueh fallout on tho habitability
of Rongolap Island, and to Xostorc Rongolap
Island, if noeossaryso that Lt can b. safely
lnhabitod. N

Tho fear= that swept through our pooplo war. justified in
tho ●yes of Congross. Tho 19$2 DOS ropost and rovolations
eoataiaed ia it tsrrifiod our pooplo. 3Soroinformationwas
needed aad Coagress ●stablished a procoss by which it would be
obtained.

Your PreliminaryStudy, as the Mayor and I said to you ia
April, ~~forthe first time, coatains important and significant
revelations about the radiation contamination to which we have
bees exposed.~~

Zho disclosuresin 1982 made it wrident that DOE was aot
tmthful with tho Roagelap people from 19S7 to 1982 rogardiag the
level of atoll eoataminatioa. X ●larming as the 1982 DOE Report
was, the Roagelap people dida~t believe that DOE told the full
story regarding ●toll coatamiaatioaor health impacts.

Your study has substantiated our aoncerns. DOE did not tell
the truth and w. aow know it.

Since the April 26 hearing ●t ~h~ah time your nrali~inary
Study was s81@asod,the nature of your undertaking has chaaged.
Many things you havo doac or ●re tB the proc8s8 of doing ●re aot
understood. Tha manor in which this study 3s now being
coaducted 1s unaeceptablo.

The following is ● list of major.probloms with the study:

(1) ~ ~-~x’sx--~ro”
testified boforo the Appro r~ations Committoo, he iadieated that

!DOE had publlshod ● study a 1986 oonoorniag plutonium and the
Rongelap pooplo. m further ●tatod that tho study was provided
to you and your eonsultantsm It was not. You wero providod
information and data from DO= which was not shard with your
consultant workiag on this vary issue. Daspito repeated requests
for them dooumeats and materials,they remains unavailable.

(2) Bortall R*Port ComDlota&n But Uithhel d ?rom Conar●SS●

Oa Juno 1, Dr. Bertell aomplotedhor XOpOXt ●valuating medical
and health data, imeludiag impauts oa tho childrea of Roagolap.

5000V12 85



3

Sho submitted it to you with tho request that YOU immediately
fomard it to Congros8 ●s tho deadliao for ●otiola Was only ● few
days ●my. This -wasaot don.. Despito tha fact that the impacts
on children was tho primary rcasoa for ●xtendimg your report by
scvoral months, you did not submit this new material to tho Yates
Committeo. Tho B.rt.11 r.port comoludomt among oth@r th~ngs,
that tho data from blood samplas taken from tho RoagalaposQ m%
never anal~sod, th8t tho control group used la DOS studies was
abao~al, and that tho impmts on ahildren and mothors indicato
ssrious problems. DOX says itgs safo and you ●dviso us to return
to Rongelap. U- do not understand. Xostlyt W. doxi~t understand
why this report is being withhol~boyond oritical deadlines h
Coagres9.

(3) Eoha stu~v Consultant P=ticimated ~a Cov.r-us O<
)?uclearRadiatioa Accident= You aeleeted Dr. John Dunster as one
of your coasultaats. X havo just l~araed of Dr. Duasteros
persoaal and dircat rola fn covoriag up the October, 19S7
*Wiadscalel~accideat ia Britian. Documents declassified●arly
this year fiaally reveal tho aaturo and ●xteat of tha willful
withholding of informationfrom tho ●ffected British peoplo, both
at the time of the ●cuideat aad over tho years siaeo it occurred.
That you would select such a persoa to participateia the
Roagelap Rea8aessrneatProjeet is uathiakable.

(4) $adem nden- Of Roa-laD Reae ssessmeatPro+ecg
Undermiaed -- Now Controls leas. of Documents. Following
the April hoariag, and th8 disclosure that the DOB uadertook a
special review of the plutoaiumproblem only two years ●go,
requests for informationby oao of your ctudy coasultaatswero
referred to DOE. In ●arly May, I&. Franke seat writtea requests
to you for the materials referenced●t tho heartng, aad to
Brookhavea National Laboratories, for additional materials
relating to tho plutonium problem. You wrote to Xr. Franke on
May 7, stating, Qothe rnateri.al you waat should be obtaiaed from
Harry Brown (DOE). I am sorry that X have forgottea to sead you
his address.~~ Oa Xay 9, Edward T. Lessard writes, :Qplease
fonfard your request to Mr. Earry Brows.*1

Requests for this Laformatioa were thea immediatelyseat to
Brown, but ●s of today, aoae of the Iaformatioa has bees
received.

This study is aot supposed to be ~~clearedslby DOE. It was
supposed to be iadepeadeat of DOB. Is this the iadepeadeace we
were promised?

(5) Studv Work P1an Alt eked. The Study maadated by
Congress was to review the DOB data in the 1982 report aad to
determine its accuracy. Early ia the study, you were highly
critical of a work plan advanced by consultants who recommended
gathering new data. Now however, you are embarking oa such
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actions. An I understand it, you Iiavo recently decided to
undertake certain nutritionalstudies. Xn furtharanca of thim
effort, instead of having trained nutritional •XpaXtS~ *OU have
recmited untrained peaco uorp volunteers to do this work.

Throughout tho study, I havo baan romindod that tho purposa
of tho study ia to r~viow tho 1982 report. TO havo untrained
volunteers gathering xmw h8alth-autritioa data ●t this poiat In
the proccas is aot understood.

(6) Fob 8tudv l?ee4uto AM s eti n on DOE omissions. As a
result of you; study, w. havo loara:d t;at DOB aad its
laboratories have uriao aad Mood ●amphs from Rongolap citizans
which havs ●ither not boca masuxcd, or, if msasurod8 not
analyxed. My peoplo hava partfoipatod in mdical tostiag with
the understanding that thsto samples would b. fully aaalyzad.
Thero is now considerable ●videnoa that ●t least somo of thoso
samples havo aevor been ●valuated. To b. puaeturod with aoodlos
drawing blood or filliag littlo cups with our uriao -- to fiad
out that ME then fails to fully ●valuato theso samples -- i8
insulting. Your study seeds to iadicate this problom.

I returned to Washington from tho Marshall Island8 ●xpoctiag
to find answers to problems. aot more Problams. But, what have I
learned? I have le&rned that:

●

●

DOE ia now controllingall or part of this study;

DOE plutonium reports aad othor matarials havo ~
been roloased by DOE;

i

●

I

.

BrookhavoaNational Laboratories has ~ ralcasad
bioassay reports or othor raqimated matariala;

The childran~smedical 8tudy was oomplotod,
8ubmittad to YOU, but ~ forwardadto Congross;

On. of tho study eoasultaats,rocruit~d by you,
●otivolypartiuipatodia ● covor-u~ of a auelaar
●ccident aad further, partialpatodin tho willful -
withholdingof iaformatioa to tho ●ffected
eitiseas;

~ patio oorps voluatoors havo ham
rotataod or roaruitod to uadortako Wast*l

autritioaalstudhs of tho moagolap POOP1O;

Tho ●op. and PUXPOBOof tho study ●ppear to hava
boaa ●ltorod with 8 now purposo beyond that of
●xaminiag aad ●valuating tho ●uouraay of the Dm data
ia tho 1982 report aad w tho direction of tho study
is ao longar eloar.
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Dz. XOMi, tlW ~ Of R@agOlap are tho reason for this
study. U. ●re the ~. Or, statd anothor my, w.
●ra tho ~entl. U. var. sent back to aongolapAtoll ia 19S7 and “
ovoz tho years W* won ropoatodly told that Lt W8S 8af. to livc,
to q8th.r and aonsuao food -- from ●ll tho islands.

w. arc tho most ●xposod group of peoplo in tho Marshall= to
radiation.

Yet, whaa you complotodyour study, me ●ffort has boon mada
to communicatewith our peoplo. MO briofiags wore hold. w.
didn~t know your study would b. preliminaryand that it would b.
extondcd for savcral months. YOU BOVOS told US. TbZs delay has
re!aovod us from congressionalconsiderationduring this cuxrent
budget ayclo.

Last Xhcembor, you sent ● video mossago to tho pooplo of
Rengolap. You indicatedthat you~d koop tho Rongolap pooplo
informed. This is not being done.

Over theso many months~ disclosure after d~sclosuro has corns
forth. Host involva what D(N5didn~t do, what they didn~t say,
what they didn~t analysa~ and what thq didnlt toll us. Tho 1982
DOE report is riddled with ●rrors.

Congrass ●stablisheda two-partprocoss. First, roviow the
report to doto~ino if it was accurate. 8econd, if not, then a
comprohensivo roviaw should b. undortakon.

DOE was not accurate. Tho comprohonsivoreport is
justified. W. urga you to mako that rscommondation,and to mako
it in clear and unmistakabletarns.

Correct tho doficionciosia your study. Mako it credibl. Ln
our .yesO Lot it bocomo a stepping-stonaia a process to
proporly r8storo and rehabilitateRongolapAtoll.

Dr. XOhn, let m. stat. it this way. Ead th8 1982 DOE report
not been issued, obvious~yw. would still b. living oa Rongelap
Atoll, 8owmmr, on the basis of the XOha Report and its
revelations, WQ would b. packing our bolongiagsand preparing te
leavo today.

5000VM 88

Tho Rongolap peopls today livo in deplorablecircumstances.
Abova all, w. seek resolutionof this matter. We havo become
pacific nomads, not out of choico, but out of fear. In your
hands is a decision to take steps toward resolutionor to prolong
this agony.
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We are human beings and we seek only simply dignity and
truth.

Sinaerely,

.

(bt&LJl JL
Mayor uillio !iwek& II

‘..

i.

. .

1

.

[The charge that I reversed myself after the first edition of the Rtp:::
was made by Mr. Ueiman, based on Weiman’s interview with Mr. John R~~dciph
of DOE. I spoke to Mr. Rudolph about this and he stated it was a lie
that he had said I had reversed myself. When Mr. Weiman and Senator
Anjain were subsequently asked b~ me about this, neither would state v:.y
they had not asked me about reversal. H.I.K.]

cc: Rongolap Xoll Local Government
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Henry 1. Kohn, MD. PhD

RONGELAPREASSESSMENTPROJECT

June 28, 1988

Dr. T. J. k!uckle
Director of Laboratories
Chedoke Hospital Division
Box 2000, Station A
Hamilton, Ontario L8N 3Z5

#
Dear Dr. Muckle,

1 have done some more thinking about the blood-celL counts of the
Rongelap people, a matter which Dr. Rosalie Bertell asked you to comment on.

You will recall that 82 Rongelap people were exposed to fallout in
19S4, were then moved to Majuro Atoll where they remained until 1957, and
were then moved back to Rongelap.

During this period (1954-S7), non-exposed Rongelap people were
also living on Majuro and their blood counts are therefore of interest as
controls. In addition, blood counts on the Majuro people themselves and on
people living on Rita (an island in Majuro Atoll) are also of interest as
controls.

The enclosed table shows blood cell counts for these control groups
during the period 19S4-57 (before return). You will note that the monocyte
count of the Rongelap controls was low prior to return, but after return
rose to the normal range. Radiation, therefore, had nothing to do with this
change. The monocyte count was also somewhat low in the other two control groups.

You also commented on a difference in lymphocyte count between the first
years on Rongelap and 1982-86. Please look again at the data including the
Majuro controls in 1982-86. They show a similar change, but were never on
Rongelap.

Looking over all of the results in this table leads me to suggest
that the fourth paragraph of your letter (which has been quoted by Dr.
Bertell) is not warranted now. I refer to the sentence, “I think what
may be shown here js the effect of long-continued exposure, which may indeed
be quite different from the late effects of acute but transient exposure.”

mlobql
1203 Sha[tuck A\enue Berkeley CA 94709 (415) 526-0141
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Muckle
June 28, 1988 -2-

When reviewed with a bit of perspective, including bearing local
conditions in mind, and the fact that 1982-86 counting techniques differed
from earlier ones, I don’t believe one can say that this collection of
counts establishes anything specific in a positive sense.

What do you think now?

I feelsomewhathesitantto involveyou in all of this, since it
takes time. However, I excuse myself wit% the thought that you were involved
already.

—
Henry I. Kohn

cc: Dr. Rosalie Bertell

NIOOVN3 Over for Blood Count Table
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WHITE BLOODCELL COUNTSIN UNEXPOSEDCONTROLGROUPS●’

b/ . Cells per mm3 Platelets per ~3”
Date Group

x 10-3
Neutrophils Lymphocytes Monocytes

3’s4 “Majuro”
(115) 4800

9’s4 “Rita” .
(82) S200

3’56 ~lRita*l

(s7) [44003

4s00

3700

~3600)g’

200

180

150

310

290 -

27S

.3’S7 “Rongelap” While living on hiajuro, before return:

[86) 3400 2900 70 280

3’S8 “Rongelap” After return to Rongelap Island in 19S7:

(80) 3600 3700 110 320

3’s9 (7s) S200 4100 240 310

3’61 (-72)? 4200 3100 120 300

3’62 ( 70)? 4200 2900 190 3s0

3’63 [ 70)? 3900 3100 250 310

3’64 ( 70)? 4800 3500 240 370

‘82-186 ( 70) 4200 2800 330 .-

‘82-’86 “Majuro”
(61) 3900 2800 320 --

al
Brookhaven National Laboratory reports: BNL S84 (T-71), 412 (T-80),

S01 (T-119), S34 (T-135), 609 (T-179), 727 (T-260), 780 (T-296),
908 (T-371], and the 1982-86 statistics fromBNLMedical Division
averaged by Dr. R. Bertell. The reports ●re ●vailable from the Technical
Service Information Bureau. The earlier Brookhaven statistics were supplied
by Brookhaven National Laboratory.

b’ All of thes% groups were unexposed to the fallout of 19S4.
The Hajuro ●nd ltita groups were living on those islands of Majuro Atoll.
The Rongelap group was living on klajuro until1957when ●lmostall of
its ●embersreturned to Rongelap. The number examined per year is given “
in parentheses.

[The statistics ●re the ●verage of sales and feaalesa

SOOObW
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NOTE 16 CONGRESSIONALHEARINGS .

Henry 1. Kohn, I
16 NOV 89

1

,.

i -:

[House Subcommittee on Insular & International Affairs, room 1324,
Longuorth House Office Building, 16 Nov 89.1

I am Henry I. Kohn, appointed by Repllar to review the DOE-1982
Report ctn the habitability of Rongelap Island. This was done in
accordance with the Compact of Free Association Act, Public Lau 99-239,
section 103[iI. In addition to DOE-1982, my Reassessment Reports
considered other pertinent information available at the time of uriting
them [Preliminary Report, April ~88; Report, July ’88; Corrected
Report, March ‘891.

I have nou been asked to comment on the Proposal by the
Rongelap people - that they be given $6.6 million to set UP an expert
committee uhich in the course of 1.5 years would make a comprehensive
health and radiologic investigation of themselves and their Atoll. The
results uould be used by a succeeding expert committee to evolve and
eXeCUte a plan to make Rongelap Atoll “safe” for habitation.

Let us consider some of the reasons given in the Propos’al.
[Proposed Workplan For A Phase 2 Comprehensive Study, P 2 D
Technologies, 19893.

[11 The DOE-1982 Report uas urong in its dosimetric conclusion
that Rongelap Island is “safe”.

[21 A complete detailed health evaluation should have been “
made for every Rpongelap citizen (e.g. including chromosome s~alysis
and urinary plutonium analysis). Special attention should have been
given to infants and small children.

[3] The radiation dose should have been estitna?ed for each
citizen individually,

C41 Additional soil contamination data from all islands IS
needed for proper dosimetry.

[51 The Bramlitt soil-decontamination process for plutonium
should be field-tested,

C63 Radiati on-sensi~ive socio-economic factors should have
been defined and evaluated.

My general conclusion is that such a vast plan is unnecessary,
and that it could not be accomplished in 1.5 years; it would result in
delaying the return to Rongelap Island.

First. The Congress specified that the habitability of
Rongelap Island - not Atoll - uas to be examined, The immediate crucial
Issue, therefore, is to estimate dosage from residence an that island
{or now and for the fut~re.

Second. The Reassessment Project found that the 5052 du+ ?9
residence on Rongelap Island uas within the permissible ranqe [?ess
than ‘5 rem in 30 years] uhether based on the dats stip~;:ed 5V :h~

~~~O~~OBro~khavenor the Laurence Liverrnore National Labarazary. ~~~ twc
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laboratories used two different methods to estimate dose - diet
CLivermorel. and “uhole-body counting”
[Brookhavenl.

plus biochemical analysis
Their agreement nou obviates the necessity for

immediate comprehensive dietary studies.

Third. Although uithin the practical permissible range, ,
particularly striking .uere the original differences betueen Brookhaven
and Livermore dose estimates for plutonium. Brookhaven has attacked
the problem, and the results to date on 67 urines make it clear
that urine-sample contamination uas the major cause of the
disagreement. I uould dare to predict that the present interlaboratory
agreement uill hold for the remai ing 16q
should be completed by b~l~~ot~wwks%gsbu%~ an~s&,

Fourth. Although the Reassessment Project concluded that
infants and small children ~ould not be overexposed on return to
Rongelap Island, it recommended that further studies be done to provide
assurance on this point. Livermore report UCRL 53917 (1989)
provides this assurance for cesium-137 and strontium-90, uhich account
for more than 902 of the dose. Further uork on plutonium, houever, has
not been reporied.

Fifth. I do not see the immediate radiological need for
cytogenetic (chromosomal) examination of every citizen, since at
current dose rates of about 3 rem or less in 30 years the cytogenetic
technic is much too insensitive. On the other hand, for psychological
reasons it might be worthwhile to check individuals uho uere tested in
19645

Sixth. I do not agree that there is an immediate radiologic
need to study exhaustively the health of every Rongelap citizen. The
extent and timing of such a program should be coordinated uith health
planning by Repflar, discussed in 1984 by RepMar’s report to UNICEF and
in 1985 by RepMar’s Secretary of Interior & Outer Island Affairs. It
should also be coordinated uith the health care project by Brookhaven
and, 1 believe, the environmental monitoring projected by
Livermor,e.

Seventh. 1 agree that additional planning and some field
studies will needed before deciding on a course of decontamination
for the northern islands of the Atoll, That, houever, is a separate
question from dealing uith Rongelap Island nou. I suggest that people
could return to Rongelap Island and uhile living there develop such
plans. I do not consider the Bramlitt process suitable for use at
Rongelap Atoll. Socio-economic factors presumably uould be included
along uith the environmental ones in the planning.

-Eight. Whether or not the Congress should appropriate money
directly for such projects is not for me to judge.
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Henry 1. Kohn. MD. f%D -

TESTIMONYFOR CONGRESSIONALCOMMITTEEHEARINGS
4.19.89

I am Henry I. Kohn, Referee, Rongelap Reassessment Project,
whose preliminary (4.20.88) and final Reports (7:22.88; 3.1.89 re-edited)
were submitted to the Congress and to the President of the United States
pursuant to the Compact of Free Association Act of 198S. Here, it is only
necessary to state their major conclusions concerning the habitability of
Rongelap Island, which was abandoned several years ago by its residents
for fear of being poisoned by the current ~ad~ation ieveis.

There are two central questions.

I

(1) Two Government Laboratories (Lawrence Livermore, Brook-
haven] have obtained discordant results with respect to plutonium dosage
by two different methodologies. I believe that one Laboratory was in
error primarily owing to the great difficulties of urine sampling, and I
am toId that the crucial testing of this matter should be completed by
the end of 1989. I anticipate that the results will permit adult resettle-
ment of Rongelap Island. I may add that the importation of food to support
the resettled population will be as necessary in the future as it has been
in the past.

(2) The radionuclide dosage to infants and small children
has come into question by the Rongelap People. I believe that additional
data-collection on diets would settle this point in a matter of months.
My estimates based on Peace Corps data indicated that this is not a

problem scientifically.

The tests to meet the requirements of (1) and (2) above should
be done and communicated to the Rongelap People in such a way as to be
impressive and convincing. By this I do not imply spending millions. I
do imply that the tests be aimed directly at the two central questions
and be done thoroughly.

Furthermore, direct steps should be taken to inform interested
citizens of what is being done to solve their problems -- discussion should
not be limited to one or two political leaders and their paid consultants.
National Laboratory scientists, DOEpersonnel and Rongelap officials must
be willing to participate in such efforts in an appropriate way.

fi

go to page 2.

1203 Shattuck Aienue Berkelej’ CA 94709 (415) 526-0!41
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Kohn Testimony
(4.19.89, 4.20.89)

Page 2

In addition, although other islands in the Atoll are outside
the assigned scope of this project, I have taken the liberty of emphasizing
that studies and planning for them be kept quite separate from those for
Rongelap Island itself, so that return to Rongelap Island will not be
delayed. An additional project would center on several larger islands
which were more heavily contaminated than Rongelap Island, but which are
not customarily inhabited. There are, of course, many smaller islands, but
these are of secondary interest since they preumably lack water and have
never been a significant source of food.

Copies of this testimony for the hearings of April 19 & 20, 1989, have
been sent to:

(1) Ms. Kathy Johnson, Staff, House Appropriations Subcommittee
on Interior, B-308 Rayburn Office Building, Washington DC 20s15

(2) Ms. Sue Masica, Staff, Senate Committee on Appropriation
(Interior Subcommittee), 825 Senate Office Building,
Washington DC 20S10

(3) Mr. Allen Staymen, Staff, Senate Committee on Energy and
Natural Resources, Washington DC 20510

-+@ -
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Note 16 continued -
=ngresslonal Henry 1. Kohn. MD. PhD
Hearings.

Hay 23, 1990

Congressman Sidney Yates
House Committee on Appropriations
Subcommittee on Interior and Related Agencies
308 House Office Building
Washington, D.C. 20515

Attn: Us. Kathleen Johnson *

Dear Congressman Yates:

I am responding to your invitation to comment on the written
testimony of Senator Anjain and his consultant Bernd Franke, representing
the Rongelap people at the hearing of 4 May 90.

AS You know, DOE in 1982announcedthatRongelapIslandmet the
U.S. radiologicalstandards,andthatit was habitable.The compactof
FreeAssociationAct of 1985requestedtht theseconclusionsbe reviewed
critically.I receivedthatcontractin August1987.

From the start, there has been contention between Senator
Anjain, or his consultants, and myself.

(a) I have centered my attention on Rongelap Island, as stated in
the Act. They have considered the whole Atoll and wish to deal with
matters that I consider outside the scope of “habitability”. (They have
stated their objectives operationally in a proposed $6.6 milllion study
plan, presented to the Congress.)

(b), In judging DOE-1982, I have used all data available.* They
have argued that only those data should be used that were available when
DOE-1982 uas written, circa 1981.

The net result has been a great deal of criticism, technical
and otherwise, from Anjain et al, directed at the Rongelap Reassessment
Project or myself. In what follows, I shall not answer their testimony
point by point. I will attempt to provide a more general picture, so
that differences can be seen in p~spective, by grouping the various
topicsunderthreeheadings:Dosage,Miscellaneous,and Recommendations.

● With the permission of the Secretary’s Office, R.M.I.
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Yates 2“
Hay 23, 1990

DOSAGE—.—

DOE-1982 reported a 30-year dose of 2.5 rem for Rongelap
Island, half the protective action guide applied in the U.S. and
elsewhere. This figu”re was in doubt, however, because of uncertain
plutonium dosage (notedby me). Subsequentwork is demonstrating that,
in fact, plutonium contributes very little to the total dose. Currently,
the best estimate of total dose, base#on whole-body counting, would be
about 1.2 rem.

Two caveats apply. First, the final word on plutonium
reassessment will be reported on by Brookhaven later in June. Second,
dosage depends upon diet; the diet of the future, therefore, shauld be
equivalent (imported plus local foods) to that “of the past. The U.S. has
been giving large amounts of food to the Rong.slap people, but this is
scheduled to stop in 1991.

Uhat then? If the USDAassistance ceases, the people cculd eat
tWo or three or four times as much local (Island) food, which would raise

the dose 2 or 3 or 4 times. But there is not that much local food to be
eaten -- Rongelap Island or even the Atoll has never been self-sufficient
for sizeable populations. The population would have to shrink.

Several other points should be mentioned. DCE-1982 did not
specifically deal with infants and children. Hy Report sets outside
limits for them, but additional work providing additional reassurance
should be dane.

Anjain et al argue that the established protection guides do
not apply to the Rongelap people, since ~ of them have been exposed in
the past. However, all 1600 members of the community were not zxpascd.
Furthermore, the addition in the future of 1-2 rem per 30 years to an
initial ‘dose in 1954 of 200 rem, or a chronic dose over 1557-1985 of
3-4 rem, would
committee will

?fISCELLANEOUS

be of no practical importance. The work of the BEIR V
not materially affect this statement.

The Enewetak Comparison Anjain et al point to Enewetak Atoll as a
model for the treatment of Rongelap. They claim that all of Enewetak
Atoll was decontaminated -- including Enewetak Island. That being so,
Rongelap Island should be decontaminated. Furthermore, they claim that
no settlement was allowed on Enewetak Island until all work on the Atoll
was completed.

-96-
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Hay 23, 1990

I am puzzled by these statements. The resettlement of Enewetak
‘Island occurred well before the decontamination of theAtoll’snorthern
islandshad beenaccomplished.Furthermore,no decontaminationof the
Islandwas done. Therewas,however,a “cleanup”to rid the Islandof
wornout equipmentand trash,accumulatedwhenEnewetakservedas a
logisticalsupplycenterfor the testingprogram.

Intellectual Honesty Senator ~jain et al have frequently stated
their mistrust -- if not contempt-- for DOEpersonnel (including
scientists) and for myself. I therefore arranged and paid for Dr.
Paretzke (Munich), a well-known German scientist, to visit Rongelap
Island and Ailinginae Atoll in the presence of Senator Anjain to collect
samples of soil, vegetation and meat, and to have them analyzed by two
Gertnan laboratories, Lawrence Livermore Laboratory (DOE), and by an
independent one in Berkeley. Dr. Paretzke concluded that the results
showed inter-laboratory agreement and also confirmed previous work by
Livermore.

Plutonium Hr. Franke recommends using the Durbin excretion
functions, officially recommended by the ICRP in the calculation of “
plutonium dosage. Dr. Durbin has assured me that these functions should
n= be used in the present circumstances, nor did ICRP publication No. 54
:ecomrnend them for this purpose. Instead of the ?ioss function used by
me, one could use the Jones function or that of Leggettt & Eckerman. Dr.
Eckerman has told me that the 30-year dose might be twice What I ha’;e
estimated, which on the basis of current Brookhaven analyses of urine
remains trivial.

Plan C I have never heard of Plan C. The ccuments about It do

not make sense to me.

National Academy of Sciences Review Panel I am quite willing to
cooperate with such a panel.

Speera Panel I agree that all work relating to health, safety,
ecology, etc., should be placed in one office at DOE, separate from
weapons, and coordinated.

-.
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May 23, 1990

RECOMMENDATIONS

As matters stand now,and whileawaitingtheresultsof the
NationalAcademy’sreview,I wouldsuggestsettingup a small committee
to deal primarily with Rongelap Island, and which later could deal with
the rest of the Atoll. Immediate matters would be:

(1) The food issue -- immediate#nd long-term aspects, including
continuation of USDA imports.

(2} Reviewing the Island’s contamination problem, technically and
psychologically. Would not the use of potassium, as demonstrated on
Bikini, provide thenecessaryassuranceconcerningsafety? Alongwith
this,examiningthe concernsfor infantsand smallchildren,and resuming

whole-body counting to provide a base-line value for the return.

(3) Dealing with the needed reconditioning of infrastructure.

(4) Estimating the costs of these projects individually, obtaining
the needed financial support, and assigning the contractor to the work.

In conclusion, I hope this material meets your immediate needs.
If there are additional questions, please do not hesitate to call on me.

,

Henry I. K~n
Referee
Rongelap Reassessment Project

Enclosure
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ADDITIONALNOTES

5

Data and Results for DOE-1982 DOE-1982 was based on the aerial
survey by the EG&Ggroup (1981) and a minimal number of analyses of soil
and vegetation on Rongelap Island by the Lawrence Livermore National
Laboratory (LLNL). The report misstated the nature of the diet (this was
an editorial blunder). The dose was calculated to be 2.5 rem (30 years)
for residence on Rongelap, eating,a specified diet, but five times
greater for residence on Naen Island. Rongelap Island therefore met the
U. S. radiation protection guide.

Subsequent Haterial ?fy Report, published in 1988, included
additional data from three sources.

(a) LLNLhad reported on vegetation taken in 1986. These results
agreed with the earlier ones, so the LLNL estimate of dose based
primarily on diet remained the same.

(b) BNL (Brookhaven National Laboratory) had been studying the

i
Roagelap people with a whole-body counter for about 30 years. I f~und

-, the dcse to be about one-half of the LLNL dose. Because the BNL dose is
based cm actual body scanning rather than on an assumed diet, it isf
considered to be the better one.

.
(c) The BNL data for plutonium, based on urinary excretion,

r appeared to be impossibly high. However, even using this invalid d~se,
the total BNL dose was within the protection guide limit. After the

. publication of my Report, BNL discovered that contamination of the urine
samples was the cause of the difficulty. This result is being checked on
209 samples from 150 subjects, the work to be completed by July 1, 1990.

i.. Data ftom the first 60 samples indicate that true dose is very.snail --
no more than 5% of the total dose from all radionuclides (about 1.2 rem

. in 30 years). It is in practical agreement with the LLNL’s estimate,
based on diet.

. .

. . (d) With respect to the model for the dose calculations based on
the plutonium content of urine, the literature was reviewed by Leggett

—. and Eckerman in Health Physics 52: 337-346, 1987. Furthermore, it has
been pointed out that such model~ tend to overestimate the plutonium
burden in tissues rather than to underestimate them (Kathren, Heid &
Swint, Health Physics 53: 487-493, 1987).

.,

.: . 1

. .
END
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